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CHAPTER  I. 
GENERAL  PRINCIPLES. 

In  choosing  the  sanitary  fittings  for  a  dwelling-house,  certain  main  principles, 
applicable  to  all  classes  of  fitting*  alike,  should  \te  carefully  kept  in  view.  Of 
these,  cleanliness  must  naturally  hold  the  first  place.  Every  fitting,  whatever 
its  use,  should  he  of  such  a  material  that  it  can  readily  lie  cleansed,  of  such  a 
colour  that  the  presence  of  dirt  can  easily  IM?  detected,  and  of  a  form  that  give* 
the  least  possible  facility  for  the  lodgment  of  dirt.  In  some  fittings— as  water- 
closets  and  urinals — it  is  necessary  to  provide  not  only  for  efficient  cleansing, 
but  also  that  the  process  of  cleansing  shall  be  effected  with  due  regard  to 
economy  of  water. 

Durability  is  obviously  an  important  quality  in  all  fittings;  but  especially  in 
those  which,  like  the  Hushing  apparatus  of  water-closets,  are  subjected  to  con- 
tinual and  often  careless  usage,  and  uj)on  the  efficient  working  of  whirh  the 
health-conditions  of  a  house  largely  depend.  To  l>e  really  efficient,  a  fitting 
should  be  durable  in  all  its  parts,  and  all  mechanism  should  therefore  l>e  as  good 
and  as  simple  as  it  can  be  made,  consistently  with  the  work  it  has  to  do.  The 
evils  of  cheap  jerry-made  mechanism  are  well  exemplified  in  the  low-priced  kinds 
of  flushing-cisterns,  which  are  made  to  comply  with  water-companies'  require- 
ments at  the  least  possible  cast.  In  no  kind  of  fitting  is  it  so  necessary  to  have 
the  best  materials  and  workmanship;  but  in  no  kind  is  such  a  combination  less 
frequently  found. 

Economy  is  a  factor  that  cannot  and  should  not  be  disregarded,  but  it  must 
be  combined  with  durability  and  efficiency,  or  it  ceases  to  be  in  the  true  aeon 
of  the  word  economy.  To  be  low-priced  is  not  by  any  means  always  or  necea- 
sarily  to  be  cheap;  more  frequently,  indeed,  it  means  in  the  long  run  wasteful 
expense. 

In  the  design  of  every  fitting,  due  thought  should  be  given  to  the  fitness 
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of  the  material  and  form,  to  the  work  it  has  to  do.  Many  fittings  appear  to 
be  designed  with  complete  disregard  to  the  use  to  which  they  have  to  be  put. 
Water-cloeets  and  lavatory -basins,  whose  inner  surfaces  are  covered  with  printed 
ornament  instead  of  being  spotlessly  white,  are  examples  in  point.  The  unin- 
telligent arrangements  for  overflow  outlets  to  lavatory-basins  and  baths,  and 
the  happily -exploded  fashion  of  admitting  clean  water  to  baths  and  lavatories 
by  the  same  inlet  that  served  for  the  egress  of  dirty  water,  are  obvious  examples 
of  defect  in  design.  These  and  other  points  will  be  dealt  with  in  their  proper 
place. 

Lastly,  the  common  practice  of  boxing*  up  the  spaces  around  water-closet 
apparatus  and  Itaths,  and  under  lavatory- basins  and  sinks,  is  for  the  most  part 
to  be  strongly  deprecated.  In  certain  wises  properly -arranged  casings  are 
desirable  and  perhaj>s  almost  indispensable:  a  well-made  enclosure  under  a 
lavatory -basin  hides  the  plumber's  work,  and  deadens  the  sound  of  the  water, 
while  at  the  same  time  it  presents  a  neat  and  even  ornamental  appearance  that 
is  not  without  value;  but  such  enclosures  should  not  be  used  as  cupboards  for 
the  reception  of  anything  and  everything  it  may  l>e  convenient  to  hide  in  them. 

So  also  with  baths  and  water-closet  apparatus,  the  casing  is  of  value  as 
helping  to  deaden  the  sound  resulting  from  the  use  of  the  fitting;  but  if  allowed, 
it  should  IK?  carefully  safeguarded  against  becoming  a  receptacle  for  rubbish 
and  filth.  The  arguments  in  favour  of  casing  lavatory-basins,  baths,  and  water- 
closets,  do  not  apply  to  sinks;  the  spaces  under  sinks  of  all  kinds  should 
invariably  IK?  left  OJKMI  for  inspection  and  easy  cleansing. 

The  sanitary  fittings  appropriate  for  dwellings  of  various  kinds  may  be 
divided  into  five  classes,  viz. : — baths,  lavatories,  sinks,  water-closets,  and 
urinals.  Of  these,  the  sink  only  can  lx>  said  to  be  an  absolute  necessity  in  every 
class  of  house  from  the  palace  to  the  smallest  cottage  or  tenement-house.  Baths 
can  now  be  had  for  so  small  an  outlay  that  there  are  few  houses  of  rents  as  low 
as  £30  a  year  and  even  less,  which  are  not  supplied  with  a  bath  fitted  with  hot 
and  cold  water.  They  can  hardly  yet  be  said  to  have  reached  the  cottage, 
though  in  some  kinds  of  cottages,  such  as  those  inhabited  by  miners,  the  l>ath 
is  at  necessary  a*  the  sink.  Fixed  lavatory-basins  must  be  regarded  more  or 
MM  a«  luxuries,  and  as  appliances  for  saving  lalxmr.  Water-closets  are  necessities 
only  in  districts  where  a  system  of  water-borne  sewage  compels  their  use,  and 
urinals,  no  far  from  being  necessities,  are  fittings  to  be  used  with  caution,  and  to 
be  avoided  where  possible. 
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CHAPTER  II. 
BATHS. 

Baths  are  made  of  the  following  materials:  copper,  sheet-iron,  cast-iron, 
steel,  zinc,  slate,  fire-clay,  marble,  wood,  and  wood  lined  with  lead. 

Of  the  various  kinds  of  metal  used  for  baths,  copper  is  undoubtedly  the  best 
ami  most  durable,  as  also  it  is  unquestionably  the  most  expensive.  A  well- 
made  copper  bath  will  bear  re-enamelling  many  times  over,  and  when  finally 
discarded,  the  metal  will  always  fetch  a  fair  value.  An  iron  bath,  on  the  other 
hand,  when  worn  out,  is  worth  little  more  than  the  cost  of  removing  it 

Baths  of  tinned  sheet-iron,  copper,  or  zinc,  are  made  in  two  ways;  either 
they  are  made  of  thin  sheets  of  metal,  which  require  the  support  of  a  wooden 
framework  or  "cradling";  or  they  are  made  of  sufficiently  stout  metal  to  stand 
alone  without  support.  The  latter  are  known  in  the  trade  as  Roman  baths, 
and,  from  the  point  of  view  of  cleanliness,  possess  manifest  advantage*  over  the 
lighter  and  less  expensive  forms  which  require  cradling. 

A  bath  which  requires  the  support  of  cradling*  must  also  be  cased;  that  is, 
the  exposed  side  or  sides  of  the  rough  framework  nm.st  l>e  concealed  by  wooden 
panelling*.  The  space  thus  inclosed  under  and  around  the  Iwth  is  generally 
inaccessible  for  at  least  half  its  extent,  and,  as  the  framed  inclosure  and  top  are 
as  a  rule  ill-fitting,  becomes  a  harbour  for  dirt  and  rubbish  of  all  descriptions. 
If  a  bath  must  be  inclosed,  and,  as  already  explained,  there  are  some  advantages 
in  doing  this,  the  framing  should  be  made  of  hardwood,  as  dust-proof  as  possible, 
and  the  top  (also  of  hardwood)  should  be  licdded  on  the  top  edge  of  the  Imth  in 
hardwood. 

Roman  baths,  on  the  other  hand,  need  no  casing,  and  if  made  (as  they  gener- 
ally are)  with  a  large  roll  on  the  top  edge,  do  not  require  a  wooden  top.  They 
can  and  should  be  fixed  clear  of  the  walls,  so  that  access  can  be  had  to  Itoth 
sides  for  the  purpose  of  cleaning.  These  baths  can  be  had  with  the  ta|>s  so 
arranged  that  they  are  entirely  self-contained,  and  can,  if  need  be,  be  fixed  in 
the  centre  of  a  room. 

Another  advantage  of  the  Roman  type  of  bath  is  that  the  metal  trty  or 
"  safe  "  underneath  must  be  dispensed  with,  and  accordingly  the  overflow  has  to 
be  so  arranged  that  the  safe  is  not  needed.  The  safe,  it  should  l>e  explained,  is 
a  metal  tray  about  four  inches  deep,  placed  under  a  bath  so  that  nil  water 
leaking  from  the  bath,  or  overflowing  the  top  of  it,  may  be  caught  and  carried 
away  by  the  tray,  and  not  escape  on  to  the  wooden  floor  and  so  through  to  a 
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ceiling  below.  These  safes  are  apt  to  become  extremely  offensive  from  various 
causes.  They  are  frequently  laid  flat,  and  not  infrequently  with  a  fall  in  the 
contrary  direction  to  the  outlet;  with  the  result  that,  when  water  is  suffered  to 
overflow,  it  remains  in  the  safe  instead  of  running  away.  If  the  water  is  soapy 
—•a  of  course  it  frequently  is, — the  dried  soap  will  be  left  on  the  surface  of  the 
metal  long  after  the  water  has  evaporated,  and  the  effect  will  be  extremely 
unpleasant 

There  is  considerable  variety  in  the  shape  of  baths.  They  are  either  made 
to  Uper  from  head  to  foot,  or  are  made  parallel.  They  are  made  with  sloping 
ttdf«  and  head,  or  with  perfectly  straight  sides  and  head;  they  are  sometiin* •- 
made  partially  covered  over,  or  with  a  hood  at  the  end  for  shower,  douche, 
needle,  and  spray  faiths,  or  they  are  made  with  curved  sides.  The  object  of 
sloping  the  sides,  so  that  the  lx>ttorn  of  the  bath  is  narrower  than  the  top,  and 
of  tapering  the  faith  from  head  to  foot,  is  to  economize  water.  This  arrangement 
is  sometime*  carried  to  such  an  excess,  that  the  bath  is  uncomfortably  narrow  at 
the  Ijottom.  The  head  is  sloped  to  give  a  more  comfortable  rest  for  the  back  of  the 
person  using  the  faith,  and  the  foot  end  of  the  bath  is  sometimes  covered  in  order 
to  assist  in  retaining  the  steam.  The  hood  arrangement  will  be  described  hereafter. 

A  jK>int  of  ini|M)rtance  is  the  formation  of  the  angles  of  the  bath  inside. 
The  junction  of  the  bottom  with  the  sides  and  ends  should  be  rounded,  in  order 
to  afford  as  little  lodgment  as  passible  for  grease  and  dirt.  This  can  of  course 
be  very  readily  done  in  a  cast-iron  bath,  but  in  sheet-iron  or  copper  the  forma- 
tion of  these  rounded  angles  is  not  so  easy.  In  the  stamped  steel  baths  the 
curved  form  is  also  easily  obtained,  and  is  one  of  the  most  favourable  points 
alxnit  this  kind  of  faith. 

The  usual  lengths  of  baths  are  5  feet,  5  feet  6  inches,  and  6  feet,  but  smaller 
sizes  are  made  for  use  in  nurseries,  and  have  the  advantages  of  economizing 
water,  and  of  being  rapidly  filled  and  emptied. 

The  finishing  of  the  surface  of  a  metal  bath  can  be  arranged  in  several  ways. 
In  best  work,  both  copper  and  iron  baths  are  first  tinned  and  then  japanned  or 
enamelled.  The  object  of  the  coat  of  tin  is  to  prevent  oxidation  and  to  give  a 
better  ground  for  enamelling.  In  applying  a  coating  of  tin  to  iron,  the  surface 
of  the  iron  is  first  cleaned  by  being  turned  to  a  bright  polish  in  a  lathe.  This 
can  only  be  done  to  comparatively  small  articles,  and  is  impossible  in  the  case 
of  cast-iron  baths,  which  are  made  in  one  piece.  The  tinning  in  the  case  of  the 
latter  kind  of  bath  is  done  by  a  process  of  dipping,  first  into  acid  and  then  into 
tin.  Tin  thus  applied  does  not  stand  nearly  so  well  as  when  it  is  applied  to  a 
bright  surface,  the  adhesion  not  being  so  perfect 
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The  process  of  japanning  copper  baths,  and  enamelling  tinned  sheet-iron 
baths,  is  identical  The  surface  of  the  metal  is  first  carefully  cleaned,  and  painted 
with  a  specially-prepared  paint,  the  base  of  which  is  zinc.  It  is  then  subjected 
to  a  heat  of  about  300  degrees  F.  Before  the  next  coat  is  applied,  the  bath  is 
well  rubbed  down  with  pumice  stone.  It  is  then  painted  again  and  find  as 
before.  There  are  usually  three  qualities  of  finish,  the  difference  nnnaitiiifl 
in  the  number  of  coats  of  paint  and  firings  applied;  thus,  "first  quality"  will 
usually  mean  a  bath  which  has  had  four  coats,  "  second  quality  "  one  which  has 
had  three  coats,  and  "  third  quality  "  one  which  has  had  two  coats. 

Copper  baths  may  also  be  finished  with  a  planished  surface,  which  looks 
bright  and  clean,  but  requires  regular  and  frequent  attention  to  keep  it  in 
proper  condition. 

Cast-iron  baths  can  be  finished  with  a  porcelain  enamel;  and  recent  im- 
provements in  the  preparation  of  the  enamel  warrant  the  hope,  that  this  kind  of 
finish  will  in  future  be  of  a  more  durable  nature  than  it  has  hitherto  l>een.  The 
defect  of  all  porcelain  enamels  on  iron  has  Insen  that  the  jiorreliiiii  is  brittle,  and 
liable  to  be  chipped  off  easily.  If  the  iron  IKJ  exposed,  oxidation  at  once  occur*, 
and  the  remainder  of  the  surface  is  more  or  less  spoilt.  A  method  of  applying 
the  first  coat  has  now  Ixjen  devised,  which,  it  is  claimed,  gives  a  certain  toughness 
to  the  enamel,  by  which  ordinary  chipping  is  almost  if  not  quite  prevented. 
The  bath  is  first  scrubbed  with  pumice  stone  ami  sand  to  a  perfectly  smooth 
surface.  It  is  then  heated  to  a  red  heat  in  an  annealing  furnace.  This  part  of 
the  process  involves  considerable  risk  to  the  liath,  as,  if  unequal  expansion  takes 
place,  the  bath  bursts.  Though  less  than  formerly,  the  projiortioii  of  failures 
from  this  cause  is  still  about  one  in  twelve.  When  the  liath  has  passed  success- 
fully through  the  first  firing,  it  is  again  cleaned  and  coated  with  Hint-glass,  sand, 
and  borax;  this  is  called  the  "grip".  It  is  then  put  into  the  kiln  again,  after 
which  it  receives  the  final  coat  of  glass,  china-clay,  and  whatever  colouring 
matter  is  required.  This  done,  it  is  again  fired,  and  should  emerge  from  the 
kiln  with  a  perfectly  smooth  porcelain  face.  The  advantages  of  a  porcelain 
enamel  are  that  it  is  unaffected  by  any  kind  of  acid,  or  by  any  of  the  salts 
(such  as  Tidman's  bay-salt)  that  are  frequently  used  in  baths.  The  painted 
enamel  is,  on  the  other  hand,  acted  upon  very  quickly  by  inferior  soaps,  and 
by  the  salts  referred  to. 

A  special  kind  of  copper  bath,  made  by  the  Sanitary  Bath  Company,  is  formed 
with  very  thin  and  fine  sheet-copper  in  three  pieces,  for  head,  foot,  and  body 
respectively.  The  sheets  are  tinned  and  planished,  and  the  seams  are  then 
brazed,  and  covered  and  supported  outside  with  cast-iron  bands.  Stamped  steel 
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baths  are  made  in  a  very  similar  way,  the  seams  being  of  course  soldered 
together.  Both  these  kinds  of  hath  are  light  and  serviceable,  and  are  moderate 
in  price.  The  only  objection  to  them  is  that,  the  metal  being  so  very  thin,  the 
expansion  caused  by  the  admission  of  water,  and  also  by  a  person  getting  in,  is 

lenced  by  somewhat  startling  noises. 

Zinc  baths  are  very  little  used  in  England.  They  are  extensively  used  hi 
France,  and  are  also  somewhat  in  favour  in  Scotland.  The  surface  is  usually 
polUhed,  and  when  new  looks  clean  and  bright.  To  be  kept  up  to  this  condition, 
however,  it  requires  constant  scrubbing,  and  great  care  to  prevent  contact  for 
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any  length  of  time  with  greasy  water.  The  amount  of  time  and  lalxmr  required 
to  keep  a  polished  zinc  bath  in  proper  condition,  would  be  an  impossibility  in  the 
average  English  household,  and  a  zinc  liath  ill-kept  soon  becomes  lx>th  unsightly 
and  unclean.  Fig.  256  shows  different  forms  of  zinc  baths  made  by  a  French 
firm. 

Slate  baths  are  made  of  slabs  of  slate  about  one  inch  in  thickness,  held 
together  with  iron  bolts.  The  slabs  can  of  course  be  enamelled  either  black  or 
white,  or  to  imitate  marble;  but  the  process  is  costly,  and  the  result  by  no 
means  satisfactory.  There  is,  in  fact,  nothing  to  recommend  the  use  of  slate  for 
this  purpose,  and  very  few  baths  are  made  of  the  material. 

Fire-clay  (or,  as  it  is  sometimes  called,  "porcelain  ")  is  now  very  largely  used 
for  baths.  The  material  used  is  the  well-known  fire-clay  from  the  Coal-measures. 
The  cUy  is  subjected  to  a  proeeas  of  weathering,  grinding,  tempering,  and  mixing 
with  certain  other  ingredients,  in  which  the  greatest  care  is  taken  to  obtain  a 
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substance,  which  will  burn  and  contract  with  regularity  throughout  it*  entire 
thickness.  It  is  tempered  or  brought  to  the  required  degree  of  plasticity  by  the 
addition  of  water,  and  is  then  thoroughly  stirred  and  kneaded  in  a  pug-mill.  The 
Imths  are  built  up  by  hand  over  a  wooden  block  of  the  shape  required,  and  dressed 
by  hand,  and  when  dry  are  burned  in  specially-constructed  ovens.  When  they 
emerge,  the  baths  are  in  what  is  called  the  "biscuit"  state;  they  are  then 
enamelled  inside  with  a  porcelain  glaze,  and  are  again  burned.  The  process  of 
burning  in  each  stage  occupies  several  days,  and  involves  an  appreciable  per- 
centage of  risk  from  unequal  expansion  and  contraction,  and  other  causes.  It 
will  be  seen,  therefore,  that  the  manufacture  is  necessarily  a  costly  one  on  account 
of  the  number  of  failures  that  inevitably  occur.  The  introduction  of  fire-clay 
baths  is  due  to  a  suggestion  of  the  late  Prince  Consort.  In  1846  the  Society  of 
Arts,  of  which  his  Royal  Highness  was  President,  offered  a  prize  for  the  pro- 
duction of  a  glazed  porcelain  bath  made  in  one  piece.  After  a  long  and  costly 
series  of  experiments,  Messrs.  RuHbrd  of  Stourbridge  produced,  in  1850,  a 
porcelain  bath  which  fulfilled  all  the  conditions  laid  down  by  the  Society,  and 
for  which  the  "Isis"  gold  medal  was  at  once  awarded.  The  manufacture  thus 
started  was  destined  to  increase  very  largely  as  time  went  on,  and  to-day  glazed 
porcelain  l>aths  are  in  large  request,  more  especially  for  hospitals,  asylums,  and 
other  public  institutions. 

Fire-clay  baths  have  two  great  drawbacks,  their  great  weight,  and  their  feeble 
power  of  retaining  heat.  The  first  has  within  the  last  few  years  been  largely 
reduced,1  but  not  without  risk  to  the  strength  of  the  bath.  The  second  is  a 
physical  property  of  the  material,  and  cannot  l>e  altered.  The  great  advantages 
of  a  porcelain  bath  are  its  durability,  and  the  fact  of  Wing  in  one  piece  without 
seams  or  joints.  The  glaze  is  unaffected  by  acids  or  salts,  and  can  only  lie 
injured  by  wilful  mischief.  The  coldness  of  the  material  to  the  touch  is,  however, 
unquestionably  a  real  defect,  and  one  which  may  be,  in  some  cases — as  when  a 
hot  bath  is  quickly  incdcd — positively  injurious.  It  is  unfortunate,  too,  that  it 
is  practically  impossible  to  enamel  a  fire-clay  bath  outside  as  well  as  inside.  If 
this  could  be  done  with  reasonable  safety,  a  fire-clay  Iwth  would  I*  for  all 
ordinary  purposes  perfect.  The  risk,  however,  of  failure  in  the  burning  is  too 
great,  since  it  is  impossible  to  ensure  that  no  air  is  contained  in  the  substance  of 
the  bath.  If  any  air  should  be  confined  in  the  clay,  the  coating  of  enamel  on 
!><»t  h  sides  quite  prevents  its  escape,  and  the  result  is  of  necessity  a  failure. 

The  uncertainty  of  the  process,  and  the  large  proportion  of  the  baths  that 
come  out  of  the  kiln  "  all-buts",  "seconds",  and  "thirds"  (although  each  has 

1  Formerly  a  5  ft.  6  in.  bath  weighed  about  7  cwu  to-day  a  bath  of  the  aame  «M  weighs  00)7  about  &)  rwt. 
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had  the  same  amount  of  labour  and  care  bestowed  upon  it  as  those  which  come 
out  "best*"), sufficiently  account  for  the  high  prices  which  are  asked  for  fire-clay 

batht. 
Of  marble  baths  there  is  not  much  need  to  speak  at  length.      A  solid  bath 
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F%fc  »7.  SU.  t20.    Three  Bad  Form*  nf  Bath  rappllea  and  Watte. 

hewn  out  of  one  piece  of  marble  is  a  luxury  suitable  only  for  the  mansion  or  the 
Bath*  are  also  sometimes  made  of  slabs  of  marble  put  together  with 
in  the  same  way  as  slate  baths.  In  whichever  way  they  are  made,  marble 
baths  are  subject  to  the  same  drawbacks  with  regard  to  temperature  as  the 
porcelain  Iwtha. 

Concrete  baths  lined  with  a  sort  of  rough  marble  mosaic  were  introduced 
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some  years  ago,  but  failed  to  command  a  profitable  sale,  and  are  not  now  in  the 
market. 

Wooden  baths  are  used  still  in  some  parts  of  the  country,  but  there  is  no 
special  advantage  in  them,  and,  in  point  of  price,  they  could  not  compete 
successfully  with  the  cheaper  forms  of  iron  baths. 

Wooden  baths  lined  with  sheet  lead  were  much  used,  especially  in  Scotland, 


Fig.  200.  —Combined  Waste-and  Overflow  Arrangrmcnt  for  liath :-  A,  Overflow-plpe.  fitted  with  Bayonrt-ratrh.  10  tint  it 
can  be  easily  removed  fur  cleansing ;  B,  "  QuU-k-waste  "  Valve  with  Wright  r,  and  Chain  i> :  K.  Lead  Tra|> :  r.  Waate- 
pipe  ;  o,  Antl  ilphonage  Pipe  from  Trap ;  H.  Lead  Safe  ;  I,  Waste-pipe  from  Safe ;  i,  Section  shoving  the  Matte- valve 
open,  and  conducting  the  Water  past  the  Orifice  of  the  Overflow-pipe. 

Fig.  Ml.— Bath-overflow  discharging  on  to  the  lead  Safe. 

before  the  introduction  of  cast-iron  Iwiths,  and  though  such  Imths  allow  the  safe 
to  be  dispensed  with  in  certain  cases,  they  are  not  so  cleanly  as  the  enamelled 
oast-iron  or  fire-clay  baths,  nor  do  they  compare  well  in  price  either. 

The  methods  adopted  for  discharging:  the  waste  water  from  baths  vary  con- 
siderably. The  most  simple  of  all  is  a  plug  and  washer  with  or  without  a  chain. 

Of  the  many  bad  forms  in  common  use  until  recent  times,  three  are  here 
given  as  typical  examples,  viz.,  figs.  257,  258,  and  259.  It  will  l>e  noticed  that, 
though  the  three  examples  differ  in  details,  they  have  one  feature  in  common, 
viz.,  the  water,  both  hot  and  cold,  is  admitted  to  the  bath,  and  the  waste  water 
discharged,  through  one  orifice  and  along  one  length  of  pipe  common  to  all. 
Anything  more  uncleanly  than  this  arrangement  could  not  possibly  have  ban 
devised.  Some  of  the  dirty  water  from  the  last  use  of  the  bath  almost 


" 

invariably  remains  in  the  horizontal  length  of  pipe  which  is  common  to  all 
three  purposes,  and  this  is  of  necessity  forced  back  into  the  bath  by  the  inrush 
of  fresh  water.  Though  still  sometimes  to  be  seen,  this  class  of  fitting  may  1.. 
regarded  as  obsolete;  but  it  is  curious  that  its  disuse,  in  the  first  instance, 
was  not  due  to  any  sense  of  its  unfitness  from  a  sanitary  point  of  view,  but 
on  account  of  the  waste  of  water  which  would  t>e  liable  to  occur  undetected, 
if  the  waste  were  left  open,  and  the  supply-valves  leaked.  The  waste-pipe  of 
a  bath  ought  to  \te  entirely  independent  of  the  supply-pipes  and  inlets. 

Fig.  260  shows  a  combined  waste-and-overflow  arrangement.    The  waste-outlet 
U  abut  by  means  of  a  flap,  which  is  attached  to  a  weighted  handle.     The  flap  is 


Fig.  9t  -Combined  WMU  and  Overflow  nuUliie  Bath. 

Hi  *O  -Bath-«a*te  tilth  tell  Plug  and  separate  Overflow-pipe. 

raised  by  a  chain  attached  to  the  waste-knob,  and  when  the  latter  is  released 
after  being  raised,  the  weighted  handle  falls  back  and  shuts  the  valve.  When 
the  waste-valve  is  closed,  there  is  a  free  passage  down  the  overflow-pipe.  The 
vertical  pi|x»  is  fitted  with  a  bayonet-catch  in  order  that  it  can  be  removed  for 
cleansing,  and  the  inside  of  the  valve-box  is  lined  with  porcelain  enamel.  In  this 
case  the  overflow  discharges  into  the  waste-pipe.  An  alternative  arrangement 
is  shown  in  fig.  261,  where  the  overflow-pipe  discharges  over  the  outlet-pipe  from 
the  lead  safe.  Another  form  of  combined  waste  and  overflow  is  shown  in  fig.  262. 
In  this  arrangement,  the  overflow  rises  up  the  annular  space  l>etween  the  standing 
vatic-pipe  and  the  pipe  in  which  it  is  inclosed,  and  so  into  the  waste-pipe. 
Fig.  268  shows  a  somewhat  similar  arrangement,  but  in  this  case  there  is  no 
inner  pipe,  and  the  overflow  escapes  through  an  orifice  at  the  upper  part  of  the 
ataading  waste.  All  the  foregoing  overflow  and  waste  pipes  are  outside  the  bath. 
Fig.  264  shown  an  arrangement  of  overflow  inside  the  Iwth,  the  end  of  which  is 
apecially  shaped  to  receive  it 
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KEYHOLE-SHAPED   BATH,  FITTED   WITH    SHOWER,  DOUCHE, 
SPRAY,  AND  WAVE  ARRANGEMENTS,  &c. 


\\  A^ i 1.  ri i'i  >. 


Ml 


SECTION.  PLAN 

Tig.  184.  -Section  and  PUn  of  Combined  WMU  and  OrvHk 


There  are,  of  course,  many  other  forms  of  overflow  ami  wast**,  in  combination 
or  separately;  the  examples  given  are  intended  to  serve  a>  t\)>i<al  examples, 
a n< I  not  as  U-ing  the  only  available  apparatus  of  good  design.  The  chief  points 
to  be  observed  are  to  prevent 
the  overflow  becoming  in  any 
way  a  conductor  of  foul  air  into 
the  bath-room,  and  to  avoid, 
as  far  as  possible,  all  chance  of 
accumulation  of  soap-suds  or 
dirty  water  about  the  overflow- 
pipe  and  waste -outlet.  The 
trap  on  the  waste-pipe  should 
be  made  as  small  as  possible 
consistently  with  quick  discharge,  in  order  to  reduce  the  amount  of  stagnant 
water  therein.  Every  part  of  the  overflow  arrangement  should  IK?  easily  and 
thoroughly  cleansed. 

The  outlet  (or  "waste")  pipe  ought  to  be  sufficiently  large  to  discharge  the 
contents  of  an  ordinary  bath  (from  30  to  40  gallons)  in  al>out  one  minute  ami 
a  half.  For  this  purpose  a  pipe  two  inches  in  diameter  is  sufficient,  provided 
the  water-way  is  free  and  unobstructed.  It  frequently  happens  that  the  outlet 
is  restricted  by  the  grating  in  the  bottom  of  the  bath  being  made  so  as  to  give 
an  area  of  free  opening  very  much  less  than  the  area  of  the  waste-pipe.  The 
grating  (if  grating  there  must  be)  should  be  carefully  designed,  so  that  the  area 
of  the  openings  is  rather  more  than  that  of  the  waste-pipe,  in  order  to  compen- 
sate for  friction. 

The  question  of  waste-discharge  leads  naturally  to  the  subject  of  utilization 
of  bath-wastes  for  drain-flushing:.  Though  this  is  a  matter  which  somewhat 
overlaps  the  subject  of  drainage,  it  may,  perhaps,  be  pointed  out  here  that,  while 
the  discharge  of  30  or  40  gallons  of  water  in  a  Ixxly  is  undoubtedly  of  value  in 
scouring  out  the  drains,  its  value  will  necessarily  be  increased  or  diminished  as 
the  size  and  arrangement  of  the  pipes  are  well  or  ill  considered.  For  this  reason 
the  foregoing  conditions  about  free  water-way  in  outlet  gratings,  and  waste-pipes 
of  sufficient  and  regular  diameter,  must  be  carefully  observed. 

Hitherto  reference  has  been  made  only  to  the  ordinary  bath  of  every .  lay 
household  form.     The  more  elaborate  forms  of  baths  provided  with  different 
apparatus  for  the  application  of  douche,  spray,  and  shower  are  of  course  exjM-n>i\ 
and  suitable  only  for  the  houses  of  the  well-to-do.     Plate  XI.  shows  a  batli  ••!' 
this  kind.     The  hood  at  the  head  of  the  bath  is  perforated  at  several  points,  and 
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a  system  of  pipes  and  valves  supplies  hot  and  cold  water  for  shower-bath,  wave, 
siti,  spray,  and  douche  baths.  These  baths  are  usually  made  of  first-quality 
enamelled  copper,  and  are  almost  invariably  cased  with  wood.  They  can  be  had 
at  a  much  leas  cost,  formed  of  cast-iron,  enamelled  inside  and  out,  in  which  case 
the  casing  is  not  required.  Less  elaborate  baths  can  be  obtained  with  hoods, 
containing  the  necessary  perforations,  &c.,  for  shower  and  spray.  For  shower-bath 
pin  pom  only,  an  apparatus,  consisting  of  a  small  circular  cistern,  with  a  curtain- 
rod  fixed  to  the  under  side,  and  provided  with  a  valve  and  cord  for  opening,  can 
be  applied  to  any  ordinary  bath  at  a  comparatively  small  expense;  or  the  cistern 
can  be  dispensed  with,  and  the  water  led  direct  to  a  rose  fixed  to  a  bracket  on 
the  wall.  In  this  case  the  curtain-rod  will  have  to  be  fixed  independently. 

From  the  most  expensive  type  of  bath  we  pass  to  the  cheapest.  A  bath  of 
some  sort  is  a  very  desirable  thing  in  all  cottages,  and  in  miners'  houses  it  is  a 
necessity.  The  cheapest  form  of  bath  for  a  cottage  is  a  cast-iron  taper  bath, 
enamelled  inside,  of  the  cheaj)est  quality.  Such  a  bath  can  be  had  for  about 
£'2.  or  even  less,  and  the  surface  can  be  inexpensively  renewed  by  the  application 
of  ordinary  enamel  paint.  This  Iwitli  would  require  to  be  filled  by  hand,  as  the 
price  does  not  include  Ups  or  valves,  and  in  any  case  the  provision  of  a  hot- 
water  circulation  system  could  hardly  be  made  in  a  cottage.  If  the  bath  is 
placed  in  the  scullery,  cold  water  may  be  run  into  it  from  the  tap  over  the  sink 
by  means  of  an  india-rubber  pipe  and  hose  union.  Where  space  is  limited,  the 
bath  may  lx»  provided  with  a  wooden  cover  (hinged  or  loose),  which  serves  as  a 
table  when  the  bath  is  not  in  use.  Occasionally  baths  are  sunk  in  the  floor,  and 
covered  with  a  trap-door;  this  arrangement  saves  space,  but  may  render  repairs 
more  difficult. 

Although  not  strictly  speaking  within  the  scope  of  this  article,  a  few  words 
may  be  said  on  the  subject  of  gas-heated  baths.  In  houses  where  there  is  no 
circulation  of  hot  water  from  the  kitchen  toiler,  and  where  gas  is  available,  a 
"Geyser",  or  apparatus  for  heating  bath-water  by  gas,  is  of  great  practical  value. 
The  chief  precaution  to  be  observed  is  that  the  products  of  combustion  from  the 
gas  an  carried  off  into  the  open  air  or  into  a  flue,  and  that,  if  the  supply  of 
water  fails  or  is  cut  off,  the  supply  of  gas  is  automatically  shut  off  or  reduced  to 
a  harmless  quantity.  In  the  "  Lightning  Geyser",  patented  by  Messrs.  Ewart 
&  Son,  both  these  conditions  are  fulfilled.  The  water  enters  the  heating- 
chamber  through  a  specially -contrived  "dual"  valve.  When  the  water  panes 
through  this  valve,  it  admits  a  full  supply  of  gas  to  the  burner;  if  from  any 
•**••  !••  supply  of  water  fails  or  is  cut  off,  the  supply  of  gas  is  instantly  checked 
or  abut  off  entirely.  This  Geyser  is  heated  by  a  set  of  burners  with  ordinary 
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luminous  flames,  and  the  products  of  combustion  are  carried  off  by  a  flue  at  the 
top  of  the  apparatus,  which  can  be  carried  through  the  wall  into  the  open  air  or 
into  a  flue,  as  may  be  desired. 

It  would  be  neither  possible  nor  desirable  in  a  work  like  the  present  to 
describe,  with  anything  like  fulness  of  detail,  the  principles  and  arrangemente 
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Fig.  M6.-PUn  of  TtirkUh  lUth  at  Arery  Hill. 


of  Turkish  baths;  the  subject,  however,  is  one  that  should  not  be  altogether 
ignored.  Through  the  kindness  of  Mr.  Thomas  W.  Cutler,  F.R.I.B.A.,  we  are 
enabled  to  give  a  plan  of  a  private  Turkish  bath  erected  from  his  designs  at 
Avery  Hill,  Eltham.  The  arrangement  (fig.  265)  consists  of  a  bath-room  and 
lavatory,  answering  to  the  "  Lavatorium  "  of  the  Romans,  a  "  Tepidarium  ",  and 
a  "  Laconicum  ".  The  heat  is  supplied  by  hot-water  coils  and  pipes,  and  venti- 
lation is  provided  by  means  of  shafts  carried  up  through  the  roof,  and  com- 
municating with  the  hollow  space  in  the  walls.  This  plan  may  be  regarded 
as  a  sort  of  via  media  between  the  simplest  form  of  hot-air  bath,  in  which 
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the  whole  proonm  is  carried  on  in  one  room,  and  the  moat  elaborate  suite  of 
Tepidarium,  Calidariuni,  and  Laconicum,  with  shampooing-room,  lavatory,  and 
FHgidarium. 

A  simple  hot-air  bath,  in  which  all  the  essentials  of  the  process  can  be 
practiced,  may  be  arranged  in  one  room;  all  that  is  required  being  a  floor,  walls, 
ami  coiling  that  will  retain  the  heat,  a  stove  for  raising  the  temperature  to  the 
required  degree,  and  suitable  appliances  for  washing.  This  may  be  regarded  as 
the  unit,  to  which  the  process  of  subdivision  can  be  applied,  until  the  complete 
nchenie  descrilxnl  above  is  reached. 

The  essential  point  in  all  hot-air  baths,  whether  simple  or  elaborate,  is  a. 
system  of  ventilation  and  warming  which  provides  for  a  constant  renewal  of  the 
air,  and  for  keeping  the  air  as  dry  as  possible. 


CHAPTER    III. 
LAVATORIES. 

A  well-arrangred  lavatory  basin,  provided  with  hot  and  cold  water,  is  a  con- 
venience which  wives  much  time  and  labour,  but  the  advantage  gained  in  these 
resjMvts  may  l»e  more  than  counterbalanced  if  due  care  is  not  taken  that  all 
the  details  arc  clean  and  wholesome.  A  fixed  lavatory  basin  may  soon  become 
extremely  foul  and  offensive,  if  the  waste-pipe  and  trap  are  not  in  proper  pro- 
portion to  each  other,  or  if  the  overflow-pipe  is  badly  arranged.  Nothing  is  more 

foul  than  soapy  water,  and  no  fitting  demands 
more  care  in  its  arrangement  than  a  lavatory 
basin. 

The  ordinary  lavatory  basin  is  very  faulty. 
The  overflow  is  formed  by  a  cluster  of  holes  in 
the  side  of  the  basin,  leading  to  a  small  pipe 
connected  to  the  waste-pipe  at  some  point 
l>elow  the  basin.  This  overflow-pipe  becomes 
••  n^  OMIJ  *?!*  ?"T  ,T  dogged  with  soap,  and,  as  it  cannot  be  got 
at  for  cleaning,  remains  a  perennial  source  of 

nuuutnce  and  annoyance.  The  waste-hole  in  the  bottom  of  the  basin  is  frequently 
"^  *>  *mnU  tna*  only  a  very  small  pipe  can  1*  fixed,  and  the  connections  are 
often  no  arranged  that  the  diameter  of  the  pipe  is  of  necessity  less  than  that  of 
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the  brass  outgo.  An  outgo  |  inch  in  diameter  is  not  un frequently  connected 
to  a  trap  of  2  inches  diameter,  as  shown  in  fig.  266,  the  effect  of  which  is  that  t  In- 
trap  Incomes  a  sort  of  permanent  reservoir  of  soapy  water.  The  arrangement* 
in  lavatory  tops  (whether  of  marble  or  porcelain)  for  draining  the  soap  dishes, 
are  frequently  of  the  most  objectionable  nature.  A  sinking  is  made  on  each 
si.lc  of  the  lwusin,from  the  bottom  of  which 
a  hole  is  perforated  through  the  marble  or 
porcelain,  and  the  outlet  connected  by  a 
pipe  to  the  waste-pipe  or  trap.  The  drain- 
ing pipes  to  these  sinkings  speedily  become 
choked,  and  in  course  of  time  very  foul 
with  decomposing  soap. 

The  materials  of  which  lavatory  basins 
are  generally  made  are  porcelain,  glazed 
fireclay  or  stoneware,  and  enamelled  iron ; 
they  can  of  course  be  made  of  tinned  c%opper 
and  of  galvanized  iron,  but  neither  of  these 
materials  is  in  common  use.  The  essential 
difference  between  the  arrangements  neces-  VIEW. 
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Fig.  267.    Hellyeri  Klre-cUy  "Corbel"  Urttory  BMto.  with  "Downr%kt* 

sary  for  basins  of  any  form  of  glazed  earthenware  and  those  made  of  enamelled 
iron,  is  that  with  the  former  it  is  possible  to  have  the  basin  and  top  in  one 
piece,  while  with  the  latter  a  separate  top  is  indispensable. 

The  simplest  and  most  satisfactory  form  of  lavatory  basin  is  one  made  of 
fire-clay,  with  a  broad  piece  at  the  back  for  building  into  the  wall  (fig.  267). 
This  basin  was  first  made  at  the  writer's  suggestion  for  the  Royal  Eye  Hospital, 
Southwark,  by  Messrs.  Dent  and  Hellyer,  and  has  since  been  largely  adopted  for 
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hospital  work.  It  is,  however,  quite  as  suitable  for  domestic  work,  and  is 
specially  adapted  for  schools  and  places  where  ordinary  whiteware  basins  would 
be  liable  to  damage  through  rough  usage.  The  basin  is  made  in  one  piece  of 
glazed  fire-clay,  white  inside  and  tinted  outside,  and  is  of  great  strength;  it 
requires  no  other  support  than  the  projecting  piece  which  is  built  into  the  wall. 
The  overflow  and  waste  are  separate,  the  back  of  the  basin  being  recessed  to 
receive  the  overflow;  under  the  basin  the  overflow  and  waste  are  joined  into 
one  pipe.  The  sinkings  for  soap,  &c.,  are  drained  by  means  of  small  channels 
sunk  in  the  rim  of  the  basin. 

Fig.  268  shows  a  good  form  of  porcelain  lavatory  basin,  which  can  be  fixed 
either  with  or  without  a  wood  casing.    The  basin  and  top  are  in  one  piece.     The 

overflow  is  the  kind  patented  some  yean 
since  by  Mr.  Hellyer,  and  is  readily  ac- 
cessible for  cleaning  purposes.  The  lower 
end  of  the  overflow  is  connected,  not  as 
is  usually  the  case  with  the  trap,  but 
with  the  upper  part  of  the  waste-valve, 
in  order  to  prevent  anything  washing 
toit-k  into  the  overflow-pipe.  The  sink- 
ings for  soap  and  brushes  drain,  as  in 
the  fitting  previously  described,  into  the 
basin  by  way  of  little  slots  sunk  in  the 
basin's  rim.  There  are  many  ways  in 
which  lavatory  basins  of  this  kind  may 
be  fitted  up;  marble  tops  are  often  required  for  the  sake  of  appearance,  though 
for  sanitary  reasons  the  porcelain  Iwisin  and  top  in  one  piece  is  much  to  be 
preferred.  The  joint  between  the  marble  and  the  porcelain  should  be  made 
with  plaster  of  Paris,  and  not  with  oil  putty,  as  the  oil  in  the  latter  stains  the 
marble. 

The  outlets  of  lavatory  basins  may  either  be  closed  with  plug  and  chain,  or 
they  may  be  fitted  with  waste-valves,  or  they  may  have  fixed  plugs  which 
cannot  be  removed.  The  plug  and  chain  is  unsatisfactory,  as  the  chain,  unless 
unusually  strong,  sooner  or  later  gets  broken  or  unshipped  from  its  fastening, 
and  the  ordinary  brass  plug  is  apt  to  break  the  basin  if  carelessly  used.  An 
improvement  on  the  brass  plug  is  one  made  of  india-rubber,  but  this  is  hardly 
applicable  except  in  places  where  no  mischievous  boys  are  likely  to  have  access. 
Hie  valve  arrangement  is  most  suitable  for  high-class  work,  and  is  the  neatest 
in  point  of  appearance.  The  valve,  as  shown  in  fig.  269,  is  usually  fixed  at  the 
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lower  end  of  the  waste-pipe,  and  is  actuated  by  a  weighted  lever  attached  by  a 
chain  to  a  knob.  By  a  simple  arrangement  of  slots  in  the  socket  of  the  waste- 
knob,  and  bosses  on  tin- 
spindle  of  the  knob,  the  lat- 
ter can  be  fixed  in  positio 
with  the  waste-valve  open, 
so  that  it  need  not  be  held 
up  all  the  time  the  basin  is 
being  emptied. 

The  fixed  waste-plug  is 
only  suitable  for  places  where 
valves  would  be  inappro- 
priate, and  where  anything 
in  the  shape  of  a  loose  plug 
and  chain  would  be  liable  to 
be  stolen.  It  involves  put- 
ting the  hand  into  the  water 
to  open  it, an  operation  which 
ought  to  be  performed  by  tin- 
user  of  the  basin ;  if  this  is  not  done,  tin-  system  !.«•«•« ,mes  somewhat  of  a  nuisance. 

A  combined  valve-waste  and  overflow 
is  shown  in  fig.  270.  The  valve-plug  is 
really  a  cylinder  with  its  lower  end  shaped 
like  an  ordinary  plug.  When  this  rests 
on  its  seat,  and  water  is  turned  into  the 
basin,  the  water  rises  in  the  annular  space 
surrounding  the  cylindrical  plug,  until  it 
overflows  the  upper  rim,  and  escapes  down 
the  plug  into  the  trap  and  waste-pipe 
below. 

The  foregoing  illustration  shows  an 
arrangement  for  admitting  both  hot  and 
cold  water  through  the  waste-opening  in 
the  bottom  of  the  basin.  This  is  not  an 
arrangement  which  can  be  recommended, 
as  the  water  necessarily  brings  with  it 
into  the  basin  some  of  the  soap  and  dirt  which  have  adhered  to  the  sides  of 
the  waste-pipe. 
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nullification  of  the  waste-valve  and  overflow  has  been  recently  <lt>vi>. -.1. 
in  which  all  the  parts  are  easily  accessible.     This  is  effected  by  forming  a 
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vertical   recess  in  the  Iwu-k  of  the  Iwusin  for  the  valve,  as  shown  in  fig.   271, 

and  by  leaving  the  overflow-arm  oj>en  at  the  top. 

The  tip-up  basin  (fig.  272)  consists  of  two  parts,  the  basin  itself,  which  is 

hung  on  pivots,  and  the  receiver,  into 
which  the  basin  is  emptied  by  being 
swung  or  tipped.  The  arrangement 
is  convenient,  inasmuch  as  the  basin 
is  easily  and  quickly  emptied  of  its 
contents,  and  there  is  no  valve  to  get 

rout  of  order,  or  chain  and  plug  to  be 
lost.  The  objection  to  it  is  that  the 
receiver,  unless  carefully  and  regu- 
larly cleaned,  becomes  extremely  foul 
from  the  continual  discharge  of  soapy 

^Jii» iZ^ SmiiM* *****        water,  which  dries  on   the   surface. 

The  basin,  when  released  after  l>eing 

lifted,  falls  back  into  its  place  and  impinges  on  a  buffer  of  india-rubber.  If 
this  rubber  buffer  is  mischievously  abstracted  (as  is  frequently  the  case  when 
basins  of  this  kind  are  fixed  in  boys'  schools),  the  basin  is  broken.  For  these 
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person  whose  duty  it  is  to  see  to  the  proper  and  systematic  cleansing  of  tin- 
fittings,  tip-up  basins  are  most  suitable  and  convenient;  but  it  is  questionable 
whether  they  are  to  be  recommended  for  private  houses. 

Whether  lavatory  basins  should  or  should  not  !»<•  provided  with  wooden  in- 
closures  or  casing's,  is  a  question  the  answer  to  which  defends  mainly  on  the  special 
circumstances  in  which  they  are  placed.  In  all  such  placet  as  schools  and  public 
buildings,  hospitals,  workhouses,  and  the  like,  the  pi]>es  and  valves  an  far  better 
exposed  to  view  than  hidden  l>ehind  wooden  casings,  as  the  inclosed  spaces 
speedily  become  receptacles  for  all  sorts  of  alxmiinations.  In  private  houses, 
where  appearance  and  the  absence  of  noise  are  things  to  be  considered,  a  neat 
and  well-made  casing  may  often  l>e  desirable.  From  a  strictly  sanitary  point  of 
view,  however,  the  independent  uncased  basin  with  every  part  open  to  view,  io 
much  to  be  preferred. 


CHAITER    IV. 
SINKS. 

Sinks  are  used  for  various  purposes,  and  arc  made  of  several  different 
materials.  In  small  houses  and  cottages  the  one  sink  has  to  serve  for  all 
purposes.  In  it  plates,  dishes,  and  other  crockery,  vegetables,  and  the  various 
vessels  used  in  the  process  of  cooking,  must  all  be  washed.  For  this  purjio.** 
therefore  a  material  that  is  at  once  strong,  clean,  non-absorbent,  and  inexpensive 
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Fig.  J73.-S«lt-ttl«*ed  Earthenware  «nk. 

is  needed.  Stone  is  strong  enough,  but  it  can  scarcely  be  said  to  be  either  clean 
or  non-absorbent,  even  in  its  hardest  varieties.  Slate  fulfils  all  the  first  three 
requirements,  but  is  expensive,  and  is,  moreover,  liable  to  crack  with  excess  of 
heat.  The  best  and  cheapest  form  of  sink  that  is  at  once  strong  and  cleanly 
both  in  fact  and  in  appearance,  is  one  of  salt-glazed  earthenware  (fig.  27  \ 
cheap  but  slightly  better  kind  of  sink  is  made  of  cream-glazed  ware  (fig.  274). 
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The  chief  defect  of  these  kinds  of  sinks  is  a  tendency  to  wind  or  twist  in  the  kiln, 
an. I  unless  care  be  taken  in  selection,  the  outlet  may  prove  to  be  at  the  highest 
point  of  the  sink. 

A  more  expensive  form  of  sink,  but  on  the  whole  the  most  suitable  for  a 
house  where  only  one  scullery  sink  can  be  afforded,  is  that  of  enamelled  flre-clay 
or  porcelain.  These  sinks  are  made  in  the  same  way  and  of  the  same  materials 
as  the  fire-clay  Iwths,  and  if  properly  used  are  of  great  durability  and  very  clean 
in  appearance.  They  are  frequently  damaged  by  having  heavy  iron  saucepans 
knocked  against  the  sides  or  bottom,  the  enamel  being  chipped  of)'.  It  is  also  a 
common  complaint,  that  chinaware  is  liable  to  !><•  broken  when  being  washed  in 
a  porcelain  sink.  This  sort  of  damage  is  little  (if  any)  more  liable  to  occur  in  a 
porcelain  <*iuk  than  a  stone  one,  but  the  remedy  in  l>oth  cases  is  the  same,  viz., 
to  wash  the  rrockery  in  a  wooden  tub  placed  in  the  sink,  and  after  washing  to 
plaro  tin*  picre.s  on  a  wooden  drainer. 

Porcelain-enamelled  cast-iron  sinks  are  also  used  for  scullery  work,  but  are 
not  e<|tial  to  tin*  fire-clay  sinks.  The  enamel  is  much  more  easily  damaged  than 
that  of  the  fire-clay  sinks,  and  when  once  the  iron  is  exposed,  oxidation  rapidly 
occurs,  and  the  apjH'araiu-e  and  value  of  the  sink  quickly  deteriorate. 

Wood  sinks  lined  with  lead1  (fi<;.  275)  are  commonly  fixed  in  pantries  and  in 
housemaids'  closets.  The  advantage  of  the  lead  is  that,  compared  with  iron, 

fire-clay,  or  stone,  it  is  soft,  and  therefore 
fragile  things,  such  as  glass  and  china, 
are  not  so  liable  to  be  broken  by  contact 
with  the  sides  or  bottom  of  the  sink. 
The  chief  disadvantage  is  that  the  lead 
is  readily  expanded  and  contracted  by 
the  application  of  hot  and  cold  water, 
and  the  consequence  is  often  a  wrinkling 

or  corrugation  of  the  bottom,  which  is  objectionable.  The  remedy  is  to  make 
the  bottom  of  10  or  12  Ibs.  lead,  and  the  sides  and  ends  of  8  Ibs.  lead.  The 
bottom  lead  is  lapped  over  the  sides  and  ends,  and  the  angles  formed  to  a  regular 
hollow  with  solder.  The  lead  should  be  returned  on  the  top  edges  of  the  sink 
and  covered  with  a  capping  of  oak  fixed  with  brass  cups  and  screws. 

An  alternative  to  the  lead  is  tinned  copper,  but  this  is  a  harder  and  more 
expensive  material. 

For  large  houses  where  the  numl>er  of  sinks  is  not  limited  by  considerations 
of  expense,  separate  sinks  should  be  provided  (1)  for  washing  vegetables  ;  (2)  for 

1  For  UM  method  of  lining  wood  nnlui  with  lead,  we  pp.  317  and  318,  |  VL 


Fl*  Cl  -Wood  «ak  for  Wuhinc  Crockery. 


SINKS  OP  METAL  AND  WOOD. 


377 


Fig  Z70     <;*lr»nucU  inxi  Miik  (or  Wuhin*  McUl  I* 


cleaning  copper  and  iron  cooking  utensils;  (3)  for  washing  crockery,  glass,  aiid 
silver.  Sometimes  sinks  are  required  in  nurseries,  dairies,  and  for  other  special 
purposes. 

1.  For  washing  vegetables  galvanized -iron  sinks  are  generally  considered  the 
best.      They  should   be   from 
18  to  20  inches  deep,  in  order 
that    green    vegetables    may 
float  at  the  top  of  the  water 
and  the  grit  and  dirt  fall  to 
the  bottom.      Such  a  sink  is 
shown  in  fig.  276,  with  a  gal- 
vanized-irou  strainer  and  stand- 
ing waste  in  one  corner.    Cast 
iron  sinks  may  also  be  used  for  this  purpose,  cither  finished  black,  or  galvanized, 
or  porcelain-enamelled. 

2.  Galvanized-iron  and  cast-iron  sinks  are  also  suitable  for  washing*  copper 
and  iron  cooking  utensils.      Sinks   for   this   purpose   vary  somewhat    in   size 
according  to  the  amount  of  work  to  be  done,  but  should  be  about  2  feet  in 
depth,  and   the  outlet  of  the  waste-pi pe  should   be  kept  6  inches  alx>ve  the 
bottom  of  the  sink,  in  order  to  prevent  the  sand  used  in  scouring  pots  from 
being  washed  clown  into  the  drain.     Iron  sinks  should  always  be  flush  riveted 
inside. 

A  word  of  caution  is  necessary  with  regard  to  the  use  of  galvanized-iron 
sinks  under  certain  circumstances.  When  the  water  is  very  soft  (as  it  is,  for 
example,  in  Glasgow,  Sheffield,  and  Torquay),  iron  must  not  be  used.  The 
action  of  this  class  of  water  is  to  eat  away  the  zinc  and  iron,  and  this  at  so  rapid 
a  rate  that  twelve  months  will  often  suffice  to  wear  out  the  bottom.  Under 
conditions  such  as  these,  the  sinks  for  the  purposes  referred  to  above  should  be 
made  of  copper,  or  lined  with  it 

3.  For  washing  crockery,  glass,  and  silver,  the  best  kind  of  sink  is  one  made 
of  wood;  and  the  best  kind  of  wood  for  the  purpose  is  selected  (or  "picked") 
American  birch,  but  pine,  teak,  and  sycamore  are  also  suitable.     The  sink  is 
constructed,  as  shown  in  fig.  277,  with  wood  2  inches  thick,  held  together  by 
galvanized-iron  bolts  and  nuts,  the  joints  being  tongued  and  grooved,  and  filh-d 
with  a  thin  layer  of  red-lead  and  rushes.     In  very  large  establishments,  it  is 
convenient  to  have  sinks  for  washing  plates  and  dishes  arranged  in  pairs,  one 
being  for  washing,  and  the  other  for  rinsing.    These  sinks  should  be  about  2  • 

6  inches  long,  1  foot  8  inches  wide,  and  1  foot  1  inch  deep.     For  houses  of  more 
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moderate  size,  a  depth  of  11  inches  is  sufficient  For  washing  glass,  the  -mall,  i 
clan  of  crockery,  and  silver,  a  sink  about  2  feet  long,  1  foot  6  inches  wide,  and 

9  inches  deep  is  a  convenient  size. 

Slate  sinks  are  useful  for  steep- 
ing salt  meat  and  for  pickling 
hams,  but  are  not  to  be  recom- 
mended for  washing-up  purposes 
on  account  of  their  liability  to 
split  with  hot  water,  and  their 
tendency  to  leak  unless  supported 
on  solid  brick  piers. 

The  glazed  flre-clay  sinks  al- 
ready referred  to  are  most  appro- 
priate for  larder  and  dairy  use,  and 
for  cooks'  sinks. 

Nursery  sinks  are  best  made 
of  white  enamelled  porcelain  ware. 
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They  should  be  about  2  feet  long, 

1  foot  2  inches  wide,  and  G  inches  deep,  inside  measurement. 

All  sinks,  except  the  shallower  kinds  for  scullery  use,  and  the  cheaper  kinds 

of  stoneware,  should  t>e  so  fitted  up  that  they  can  be  filled  with  water,  and  it  is 

also  convenient  that  arrangement  should  be  made  for 
permitting  the  water  to  run  through  continuously. 
For  these  purposes  an  overflow  orifice  is  necessary,  and 
it  is  most  essential  that  this  should  l>e  readily  accessible 
for  cleaning  in  all  its  parts.  There  are  several 
methods  of  arranging  the  overflow  and  waste.  The 
ordinary  plug- waste  and  overflow  for  a  lead -lined 
wood  sink  are  shown  in  fig.  278.  In  a  cast-iron  sink 
(fig.  279)  the  waste-outlet  is  closed  by  an  ordinary 
brass  plug  and  washer,  and  the  overflow  is  carried 
away  through  a  series  of  slots  by  a  sort  of  by -pass 
formed  in  the  end  of  the  sink,  to  the  waste-pipe  just 
In-low  the  plug.  The  overflow  arm  in  this  case  cannot 

be  properly  cleansed,  and  is  therefore  liable  to  become  offensive. 

9%.  280  nhowg  a  section  of  the  overflow  in  a  glazed  fire-clay  sink,  which  is 

an  improvement  on  the  last,  inasmuch  as  the  overflow  arm  is  continued  up  to 

the  top  of  the  -ink.  and  can  IK-  cleansed  by  means  of  a  long  brush. 


MXK    <>\1  AND   WASTES. 


870 


Fig.  281  shows  an  arrangement  that  can  be  adapted  to  any  kind  of  .sink,  and 
one  in  which  the  overflow  arm  is  entirely  dispensed  with.  The  funnel,  whirh 
can  be  made  either  in  nickel-plated  brass  or  tinned  copper,  acts  both  as  overflow 
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Fig  S79.-Ca»t  Iron  Kitchen  sink.    A,  Sketch ;  B.  Kection  of  Wart*  Overflow 

and  plug,  and  can  be  readily  lifted  out  by  the  ring  at  the  top.  To  guard  against 
breakage  by  impact  against  the  funnel,  and  also  to  prevent  floating  sulwtances 
escaping  into  the  waste,  a  tinned  copper  strainer  can  l>e  fixed  round  the  funnel. 
Another  plan  is  to  form  the  overflow  in  a  sort 
of  projecting  recess,  somewhat  after  the  manner 
of  the  lavatory  shown  in  fig.  271;  this  is  an 
arrangement  peculiar  to  glazed  fire-clay  sinks. 

The  form  of  grating-  to  be  fixed  in  the 
waste-outlet  of  a  sink  .should  be  carefully  pro- 
portioned to  the  area  of  the  waste-pipe  itself. 
For  example,  if  the  waste-pipe  be  2  inches  in 
diameter,  the  sum  of  the  areas  of  all  the  open- 
ings in  the  grating  .should  equal  the  area  of  the 
2-inch  waste-pipe.  For  this  purpose  the  mouth 


Fig.  280  —Section  of  |(lue<l  Fire  clay  Rink,  (bowing  Wule  and  Overflow. 
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of  the  waste-pipe  between  the  outlet  and  the  trap  should  be  widened  out  to 
give  the  requisite  surface.  A  very  common  fault  in  waste-fittings  is  that  the 
free  way  of  the  outlet  grating  is  much  less  in  area  than  the  area  of  the  waste- 
pipe,  and  in  consequence  the  discharge  of  the  water  (which  ought  to  be  as  rapid 
as  possible)  is  sluggish,  and  neither  the  sink  nor  the  trap  gets  the  scouring-out 
which  is  so  desirable. 
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The  sinks  described  above  have  all  been  for  the  purpose  of  washing  utensils 
and  for  food  or  for  its  preparation.  Another  kind  of  sink  has  now  to  be 
considered,  viz.,  the  slop-sink.  The  use  of  a  slop-sink  is,  in  dwelling-houses,  for 
the  emptving  of  bedroom  slops,  and  though  it  is  far  better  to  arrange  the  water- 
cloaet  in  such  a  way  that  it  can  be  used  for  this  purpose,  it  becomes  sometimes 
desirable  to  use  the  former.  A  convenient  arrangement,  where  sufficient  space 
IB  available,  is  to  fix  a  slop-sink  and  wash-up  sink  side  by  side,  with  the  waste 

from  the  latter  discharging  into  the  for- 
mer. The.se  sinks  are  made  in  glazed 
fire-clay,  which  is  probably  the  best  and 
cleanest  material  for  the  purpose.  They 
arc  also  made  of  cast-iron,  finished  inside 
with  a  porcelain  enamel.  The  wash-up 
sink  serves  also  as  a  draw-off  sink  for  hot 
and  cold  water.  The  waste-pipe  from  a 
slop-sink  should  invariably  be  treated  in 
the  same  manner  as  a  soil-pipe  from  a 
water-closet,  and  the  sink  itself  should  be 
provided  with  a  flushing-rim,  as  shown  in 

fig.  «82,  to  which  water  should   l>e  laid  on  from  a  flushing-cistern  of  at  least 
"2  gallon*  capacity. 

In  form  a  slop-sink  should  l>e  cither  round  or  square.  If  the  latter,  the 
angles  should  In?  well-rounded,  and  the  sides  and  l>ottom  sloped  to  the  outlet. 
They  should  of  course  IK?  provided  with  a  trap,  which  may  either  be  of  lead  or 
of  iron,  enamelled  white  inside.  This  trap  must  be  safeguarded  against  syphon- 
age,  either  by  being  made  in  the  "  anti-D"  form,  or  by  being  provided  with  an 
anti-syphonage  pipe. 

An  apparatus  designed  by  Mr.  J.  J.  Lish,  an  architect  of  much  experience 
and  repute  in  the  north  of  England,  may  conveniently  be  described  here,  as  it 
combines  in  itself  the  following  features: — 1,  a  water-closet;  2,  an  automatic 
ventilator;  3,  an  urinal;  4,  a  lavatory;  5,  a  draw-off  sink;  6,  a  slop-sink;  7,  a 
fountain  or  rising  douche-bath. 

The  water-closet  itself  is  made  in  the  form  known  as  the  wash-down  or 
"  hygienic",  and  in  iteelf  presents  no  features  of  an  unusual  kind.  At  the  back 
of  the  seat  in  a  high  wooden  casing,  which  forms  a  ventilating  shaft,  the  upcast 
current  of  air  being  assisted  by  the  hot- water  pipe  which  is  contained  therein. 
and  al*o  by  a  gas  jet  placed  here  for  that  purpose.  A  reference  to  Plate  XII. 
will  make  the  disposition  of  the  various  Darts  clear.  Immediately  above  the 
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w.c.  basin  is  an  upright  slab  of  porcelain,  which  serves  as  the  urinal  back.  The 
Mat  of  the  w.c.  basin  is  hinged  to  the  panelled  upright  lm< -k.  and  tin?  latter  is 
hinged  at  one  side.  To  expose  the  urinal  for  use  the  seat  is  turned  up  against 
the  vertical  l)ack,  and  both  are  then  opened  together  like  a  door.  The  urinal 
is  flushed  automatically  at  each  usage  with  the  contents  of  a  half-gallon  cistern. 
The  flushing-pipe  is  shown  at  o  in  the  section.  Above  the  top  of  the  urinal 
back  is  a  nozzle,  which  communicates  with  lx>th  hot  and  cold  water-pipes  by 
means  of  taps.  On  to  this  nozzle  a  rubber-pipe  is  fixed  with  a  Royle  joint,  and 
supplies  water  (either  hot  or  cold,  or  l>oth)  to  the  fountain  or  rising  douche-bath, 
which  is  made  to  fit  on  to  the  top  of  the  w.c.  basin.  A  basin,  which  fits  into 
the  rim  of  the  w.c.,  is  also  supplied,  which  can  be  used  either  as  a  washhand- 
basin  or  as  a  bidet;  the  water  being  drawn  from  the  nozzle  on  to  which  the 
fountain  bath-pipe  is  slipped. 

The  use  of  the  apparatus  as  a  slop-sink  is  sufficiently  obvious  to  need  no 
explanation,  and  hot  and  cold  water  are  of  course  both  readily  accessible. 

The  action  of  the  ventilation-shaft  is  such  that  a  current  of  air  is  continually 
ascending  from  the  drain  or  soil-pipe  side  of  the  trap,  and  from  the  surface  of 
the  basin  to  the  outlet.  Thus  t>oth  sides  of  the  trap  are  continuously  air-washed, 
and  any  vitiated  or  offensive  air  in  the  w.c.  is  regularly  extracted.  Unfortunately 
no  specimens  of  this  most  interesting  invention  have  yet  l>een  fixed  further  south 
than  Edinburgh,  and  the  foregoing  description  has  had  to  lx»  compiled  from 
diagrams  and  written  information,  and  without  reference  to  the  actual  thing. 
Enough  has  been  said,  however,  to  show  that  the  apparatus  is  one  of  great  merit, 
and,  if  in  practice  it  fulfils  all  that  its  author  claims  for  it,  it  is  the  nearest 
approach  to  a  sanitarily  perfect  closet  that  has  yet  l>een  made. 


CHAPTER    V. 
WATER-CLOSETS. 

A  glance  at  the  history  of  the  subject  shows  that  the  use  of  water  for  the 
conveyance  of  faecal  matter  from  latrines  is  a  practice  of  very  considerable 
antiquity.  Sir  John  Simon  says  that  in  Rome  public  latrines  were  in  general 
use  under  Augustus,  at  any  rate  for  the  male  sex : — "  That  at  least  some  of  them 
(i.e.  latrines)  discharged  into  the  sewers  is  known  from  the  language  of  con- 
temporary writers;  and  that  at  least  some  of  them  more  or  less  resembled  the 
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trough  water-cloaete  of  our  own  time,  in  having  an  ample  water  service  by  which 
their  contents  were  Hushed  into  the  sewers,  seems  proven  by  the  fad  thai 
apparatus  of  the  kind  ha*  in  several  cases  been  discovered  in  the  remains  of 
Pompeii."1  Mr.  Hellyer,  in  his  Lecturer  on  the  Art  of  Sanitary  Plumbing, 
flfaft  m  example  from  Fosbrooke's  Encyclopedia  of  Antiquities,  of  a  water- 
cloaet  in  the  palace  of  the  Caesars  which  was  furnished  with  a  cistern,  from  which 
water  was  distributed  by  pipes  to  several  seats. 

At  the  monastery  attached  to  Canterbury  Cathedral,  Professor  Willis  traced 
the  exact  position  and  construction  of  the  "third  dormitory"  or  necessamum. 
The  privies  or  closets  were  arranged  in  a  row  along  one  side  of  a  great  hall,  and 
immediately  under  them  ran  a  fosse  or  open  sewer.  Into  this  fosse  or  sewer, 
the  rain-water  from  the  roofs,  and  the  overflow  from  the  series  of  tanks  by  which 
the  monastery  was  supplied  with  water,  were  led,  thus  forming  what  must  have 
UM-II  a  fairly-efficient  trough -closet.  Mr.  Ilcllyer,  in  the  lectures  quoted  above, 
refers  to  an  early  form  of  water-closet  mentioned  in  Aubrey's  "  Surrey".  At  Sir 
Francis  C'arew's,  Beddington,  Surrey,  Aubrey  "  saw  a  pretty  machine  to  cleanse 
an  '  House  of  Office',  viz.,  by  a  small  stream  of  water  no  bigger  than  one's  finger, 
which  ran  into  an  engine  made  like  a  bit  of  a  fire-shovel,  which  hung  upon  its 
centre  of  gravity,  so  that  when  it  was  full  a  considerable  quantity  of  water  fell 
down  with  some  force  and  washed  away  the  filth".2  This  apparatus,  from  its 
description,  must  have  IKHMI  curiously  like  some  arrangements  to  be  met  with 
abroad  at  the  present  time. 

Fig.  283  shows  an  apparatus  that  was  probably  the  usual  form  in  use  during 
the  last  century,  in  the  houses  which  were  possessed  of 
such  luxuries.  The  pan  was  made  of  marble,  and  the 
outlet  was  closed  by  a  wedge-shaped  plug  B,  attached  to 
which  was  a  long  handle;  the  water  was  admitted  by  a 
service-pipe  c,  and  its  height  in  the  pan  regulated  by  an 
overflow- pi pe  D.  No  trap  was  fixed  under  the  pan,  and 
the  soil-pipe,  unventilated,  was  carried  direct  to  the  drain. 
An  improvement  upon  this  apparatus  was  the  valve-closet,  which,  in  various 
improvei  1  forms,  remains  in  common  use  to  this  day.  Though  one  or  two  valve- 
apj-aratu*  were  designed  and  patented  before  Bramah  produced  his  well-known 
closet,  they  need  not  be  referred  to  further  here.  Joseph  Bramah,  a  cabinet- 
maker, took  out  a  patent  for  a  valve-closet  apparatus  in  1778.  This  apparatus 
wi»  the  parent  of  all  the  succeeding  closets  of  the  valve-type,  and  though  there 
may  be  little  of  Bramah's  detail  left,  the  leading  principles  remain  the  same. 

by  Sir  John  Simon.  'Hellyer,  op.  cit,  p.  190. 
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The  valve-closet  consists  essentially  of  two  parts,  the  basin,  and  the  valve- 
box  and  valve;  to  which  must  be  added  a  third  part,  viz.,  the  trap.  The  trap 
did  not  Apparently  form  an  essential  part  of  the  apparatus  in  Bramah's  tinu . 
and  it  will  be  convenient  to  consider  it  separately. 

Bramah's  closet  (fig.  284)  consisted  of  a  basin,  at  the  lx>ttom  of  which  was 
a  valve,  which,  when  closed,  seated  itself  close 
against  the  outlet,  and  thus  served  to  retain 
any  water  which  might  be  in  the  basin.  The 
valve  was  worked  by  a  cranked  lever  connected 
with  a  handle,  which  was  raised  to  open,  t bi- 
valve and  lowered  to  close  it.  The  water  was 
admitted  near  the  top  of  the  basin,  and  its 
height  in  the  basin  was  regulated  by  an  over- 
flow-pipe communicating  with  the  valve-l>ox. 
The  weak  point  of  Bramah's  closet  was — ami 
this  is  the  case  with  inferior  valve-closets  of  to-day — the  difficulty  of  ensuring 
that  the  valve  should  always  shut  down  tight  on  its  .seating. 

The  apparatus  known  as  the  "Pan-closet"  wa.s  probably  devised  with  a  view 
to  correct  the  defects  of  the  valve- 
closet.  This  apparatus  consisted  of 
three  essential  parts:  the  basin,  the 
pan,  and  the  container,  and  is  usually 
found  with  a  fourth,  viz.,  the  D-trap. 
The  basin  M  (fig.  285)  is  in  the  form 
of  a  truncated  cone;  below  this  is  the 
pan  o,  a  circular  vessel  generally  made 
of  copper  and  fixed  on  a  pivot,  so  that 
when  the  handle  is  raised,  the  pan  falls 
and  discharges  its  contents  into  the 
receiver  N.  The  receiver  is  made  of 
iron,  and  is  large  enough  to  give  free 
play  to  the  movement  of  the  pan. 

The  defects  of  this  apparatus  are  so  glaring,  and  its  evils  have  l>een  so 
frequently  described,  that  it  seems  almost  superfluous  to  enlarge  upon  them 
to-day.  Indeed,  the  fact  that  the  apparatus  is,  in  many  places,  prohibited  by 
by-laws  sanctioned  by  the  Local  Government  Board,  would  render  further 
comment  unnecessary,  were  it  not  unfortunately  true  that  the  thing  continues  to 
be  made  and  fixed,  notwithstanding  all  that  has  been  done  to  demonstrate  its 


fit  m  - 
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unfitneaa.  Perhaps  the  chief  defect  is  that  in  the  container  there  is  a  very  large 
•lea  of  metal,  which  U  exposed  to  contamination  by  splashing  at  every  discharge 
from  the  basin,  and  for  the  cleansing  of  which  no  provision  whatever  exists. 
The  whole  surface  of  the  container,  and  the  bottom  and  sides  of  the  pan,  are  in 
course  of  time  almost  entirely  covered  with  filth.  That  this  is  no  exaggeration 
OMIT  readily  be  proved  by  anyone  who  will  be  at  the  pains  to  examine  an  old 
pan-closet,  which  has  been  in  use  for  a  few  years.  When  the  pan  is  lowered, 
the  whole  of  this  foul  surface  becomes  exposed  to  the  air  of  the  house,  and  the 
resulting  effluvia  are  better  imagined  than  described. 

The  "D"-trap.  referred  to  as  usually  forming  a  fourth  part  of  the  pan- 
Appnratu*,  is  not  an  essential  adjunct,  but  is  almost  invariably  found  in  con- 
nection with  it.  It  is,  as  the  diagram  (fig.  286)  shows,  a  receptacle  or  trap 
formed  in  lead,  and  roughly  in  the  shape  of  the  letter  D. 
A  short  piece  of  lead  pipe,  connected  to  the  l>ottom  of  the 
container,  pusses  through  the  top  of  the  D-trap,  and  is 
continued  down  until  the  mouth  of  it  is  about  an  inch  or 
so  below  the  l>ottom  of  the  outlet-pipe.  Everything  there- 
i_««cttu«i..f  -II  t«p  f°re  which  passes  from  the  closet  is  discharged  into  the 
trap  below  the  standing-water  line,  and  thus  a  water  seal 
U  obtained.  The  form  of  this  trap  is  peculiarly  favourable  to  the  deposit  of 
fivcnl  matter  on  all  }mrts  of  its  surface;  more  particularly  on  the  edges  of  the 
dipping  pi|H»  and  along  the  lx>ttom.  Several  examples,  showing  more  or  less 
dejKwit,  are  to  IHJ  seen  at  the  Parkes  Museum  of  Hygiene,  London.  Another 
common  arrangement,  which  added  its  quota  to  the  insanitary  conditions  of 
this  closet,  was  that  the  waste-pipe  from  the  safe  under  the  apparatus  was  com- 
monly conducted  into  the  back  of  the  D-trap,  sometimes  below  the  water-line. 
Altogether  the  pan-closet  and  D-trap  present  a  typical  example  of  nearly  every 
kind  of  fault  which  can  l>e  accumulated  in  one  apparatus. 

To  return  to  the  valve-closet.  It  must  be  conceded  that  there  are  circum- 
stances which  justify,  if  they  do  not  compel,  the  use  of  a  valve-apparatus.  For 
the  best  water-closets  in  private  houses  of  the  l>etter  type,  and  generally  for 
closets  intended  for  ladies'  use,  the  valve -apparatus  possesses  advantages  over 
the  wash-out  or  wash-down  closets,  which  will  be  described  later  on.  The  large 
Iwdy  of  water  contained  in  the  basin  is  a  distinct  .advantage,  and  the  quiet 
working  of  the  apparatus  is  also  of  great  value.  But  if  a  valve-apparatus  is  to 
be  fixed,  it  should  l»c  the  best  obtainable.  A  cheap  and  flimsy  valve-closet  is 
only  one  degree  better  than  the  old  (lan-closet. 

There  an  several  forms  of  excellent  valve-apparatus  in  the  market,  and  it 


VALVE-CLOSETS, 

would  take  more  space  than  is  available  to  describe  and  illustrate  them  all.  In 
order,  therefore,  to  avoid  advertising  one  make  of  closet  at  the  expense  of  otlu-rs 
equally  good,  it  will  be  best  to  set  forth  briefly  the  conditions  which  should  be 
fulfilled  by  a  good  and  serviceable  apparatus.  In  the  first  place,  the  water  should 
be  admitted  to  the  basin  all  round  the  rim,  and  not  by  means  of  the  old- 
fashioned  fan-spreader.  The  overflow  should  have  a  wide,  open  mouth,  in  such 
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Fig.  187.— Section  of  ilelljrer't  "Optimo*    Valre-clocet  and  si»|i  <-|..*ct:  A.  Section  u(  Down-right  Overflow. 

a  position  that  the  whole  of  the  ami  can  IHJ  readily  got  at  for  cleaning.  The 
overflow  itself  should  not  only  IK?  properly  trapped,  but  should  IK?  thoroughly 
flushed  out  at  every  use  of  the  basin.  The  working  jmrts  of  the  valve  should 
be  as  simple  and  as  strong  as  possible,  and  the  interior  of  the  valve-box  should 
be  porcelain-enamelled.  The  valve-box  should  l>e  ventilated,  and  the  overflow- 
arm  should  be  connected  into  the  ventilating  pipe,  so  that  the  part  just  above 
the  opening  into  the  valve-box  may  IK?  flushed  regularly.  Underneath  the 
valve-box  should  l>e  a  lead  trap,  to  cut  off  air-connection  between  the  closet 
and  the  soil-pipe.  The  ventilation-pipe  to  the  valve-tax  will  prevent  the  trap 
from  syphoning  out  when  the  contents  of  the  basin  are  discharged.  As  an 
example  of  a  valve-closet  which  fulfils  all  these  conditions,  we  give  an  illustra- 
tion of  Hellyer's  "Optimus"  closet  (fig.  287). 

The  next  type  of  apparatus  to  be  considered  is  the  plug-  or  plunger  closet. 
The  plug-closet  was  first  devised  by  the  late  Mr.  Jennings,  and  was  a  praise- 
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worthy  effort  to  produce  a  closet  in  which  the  defects  of  the  pan-closet  should 
be  avoided,  while  the  mechanism  of  the  working  parts  should  )•«•  simpler  in 
construction  than  those  of  the  valve-closet.  It  was  also  an  attempt  to  reduce 
the  amount  of  metal  used,  and  to  increase  the  amount  of  porcelain — a  step 
in  the  direction  of  the  more  sanitary  fittings  of  the  present  day.  The  apparatus 
consisted  originally  of  a  basin,  at  one  side  of  which  was  a  plug-chamber,  or 
cylinder,  in  which  was  a  plug  with  a  hollow  handle.  Should  the  water  in  the 
Irairin  rise  above  a  certain  point,  it  would  flow  down  the  hollow  space  in  the 
plug-handle,  which  thus  )>ecame  an  overflow.  The  plug,  on  being  raised, 
al  In  will  the  water  in  the  basin  to  flow  out  into  the  trap  below.  The  objection 
to  this  ap|Niratus  was  that  the  plug-chamber  and  the  plug  itself  were  liable  to 
pet  fouled  and  liecome  offensive.  The  overflow  arrangement  also  was  obviously 
open  to  the  same  objection.  In  the  improved  form  of  this  closet  the  plug- 
chamlter  is  abolished,  ami  an  overflow-arm  substituted  for  the  hollow  plug- 
handle.  These  are  substantial  improvements,  but  the  objectionable  plug  still 
remains. 

A  modification  of  this  apjiaratus  is  the  trapless  closet  (fig.  288),  called  by 
one  maker  the  "twin-basin  closet".     This  apparatus  has  all  the  objectionable 

features  of  the  original  plug-closet,  combined 
with  the  added  defect  of  there  being  no  trap 
under  the  outgo.  The  closet  is  formed  of 
two  compartments,  divided  from  each  other 
by  a  septum  or  partition,  which  dips  into  the 
water,  but  allows  a  free  passage  between  the 
two.  The  larger  compartment  forms  the 
basin,  while  the  smaller  contains  the  plug  and 
a  ball-valve  for  regulating  the  admission  of  the 
water.  The  liability  of  the  plug  and  the  parts 
about  it  to  become  fouled  is  the  same  with  this 
apparatus  as  with  the  plug-closet  described 

above.  It  is  evident  also  that,  unless  the  plug  is  always  forced  well  down  into 
it*  place,  the  water  in  the  basin  will  leak  out ;  and  the  same  thing  would  happen 
if  paper  got  jammed  between  the  plug  and  the  side,  and  so  prevented  the  plug 
from  fitting  tight.  In  either  case  the  basin  would  become  drained  of  its  water, 
and  the  overflow-opening,  which  is  in  the  plug-chamber,  would  become  a  free 
paasage  for  drain-air  to  pass  into  the  house.  What  advantage  is  to  be  gained 
by  the  omission  of  a  trap  under  the  apparatus  it  is  not  easy  to  see.  The  trap 
U  the  only  protection  against  the  free  admission  of  drain-air  from  the  soil-pipe 
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into  the   house;   and   if  it  is  eliminated,  the  air  from  the  drain  will   mo«t 
certainly  rush  in  every  time  the  basin  is  emptied. 

The  next  class  of  apparatus  to  be  considered  is  one  in  which  the  water  used 
for  flushing  is  the  waste-water  from  a  sink  or  sinks,  and  is  not  specially  laid  on 
for  the  purpose.  These  closets  are  known  as  "  slop-closets  ",  and  the  particular 
kind  we  propose  to  describe  is  that  of  the  "tumbler"  or  "Upper"  closets.  The 
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Fig.  S8B  -Plan  and  Section  of  DnckeU  i  Automatic  Slop-waUr  OoMt. 

advantages  claimed  for  this  kind  of  closet  are  ( 1 )  that  they  are  less  expensive 
to  fit  up  than  any  other  kind :  (2)  only  slop- water  is  used  for  flushing,  and  no 
charge  can  be  made  for  water-rate  in  respect  of  them;  (3)  they  are  not  affected 
by  frost;  and  (4)  they  are,  with  fair  usage,  not  liable  to  get  out  of  order.  They 
are,  however,  only  suitable  for  out-door  closets,  and  for  a  working-class  popula- 
tion. The  tipper  or  tumbler  can  be  fixed  either  immediately  under  the  seat,  or 
at  a  distance.  In  the  first  case,  the  seat  must  be  fixed  in  such  a  position  in 
relation  to  the  sink  (down  the  waste-pipe  of  which  the  slop- water  is  poured)  as 
to  allow  sufficient  fall  for  the  water.  The  second  arrangement  is  applicable 
where  there  is  not  sufficient  fall  to  allow  of  the  former. 

As  an  example  of  the  first  class,  fig.  289  shows  a  plan  and  section  of  Duckett'a 
patent  automatic  slop- water  closet.    The  apparatus  consists  of  a  circular  pedestal. 
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B,  of  glazed  earthenware;  below  this  is  a  basin,  D,  into  which  the  box,  B,  con- 
taining the  tipper,  A,  opens— either  directly  or  by  means  of  the  drain-pipes 
shown.  The  basin  is  set  on  a  syphon-trap  of  ordinary  form,  o,  and  around  the 
outlet  is  a  raised  rim  or  stop,  which  forms  a  sort  of  shallow  channel  all  round. 
This  arrangement  has  the  effect  of  causing  a  sort  of  whirlpool  action  to  the 
water  discharged  from  the  tipper,  and  effectually  clears  out  of  the  basin  every- 
thing that  is  deposited  by 
legitimate  use.  The  capa- 
city of  the  tipper  is  3  gal- 
lons, and  its  action  is  per- 
fectly automatic.  The  slop- 
ing pan  F,  is  not  so  good  a 
form  as  the  upright  pedes- 
tnl,  and  may  be  replaced 
by  a  second  vertical  pan. 
c  is  the  grate  over  which 
the  sink-waste  discharges. 

Another  good  example 
of  this  form  of  closet  is 
Gates  and  Green's  "Skroy" 
waste-water  closet  (fig.  290).  The  general  form  is  very  similar  to  the  fore- 
going, the  chief  difference  being  that  a  slight  depression  in  the  pan,  c,  under 
the  pedestal  takes  the  place  of  the  annular  arrangement  in  Duckett's  closet.  B 
U  the  tipper,  u  the  trap,  and  A  the  pedestal,  on  which  the  wood  seat,  E,  is 
fixed. 

Other  forms  of  slop-closets,  differing  somewhat  in  detail,  but  all  designed 
with  the  object  of  utilizing  the  slop-water  of  a  house  for  flushing  purposes,  may 
be  seen  illustrated  in  a  very  interesting  and  valuable  Report  by  Dr.  Parsons  on 
"  Slop-closets  and  Trough -closets  V 

The  trough  water-closet  is  one  in  which  two  or  more  closets  discharge  into  a 
common  trough,  which  is  emptied  from  time  to  time  either  automatically  or  by 
pulling  up  a  plug.  In  the  automatic  kind,  the  water  is  maintained  at  a  constant 
level  in  the  trough  by  means  of  a  weir,  and  flushing  is  effected  by  a  cistern 
furnished  with  a  syphon.  Fig.  291  shows  a  section  of  Bowes,  Scott,  and  Western's 
trough-closet  with  flushing  cistern.  The  whole  arrangement  is  made  in  glazed 
earthenware,  and  the  cistern  is  provided  with  one  of  Mr.  Rogers  Field's  annular 
ayphona.  Trough  water-closets  are  specially  suitable  for  schools,  and  for  places 
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win-re  ordinary  arrangements  for  flushing  would  be  likely  to  be  misused  or 
altogether  neglected.  For  blocks  of  buildings  inhabited  by  the  rougher  class  of 
labourers  and  the  like,  they  are  eminently  fitted.  But  wherever  used,  they 
should  be  out  of  doors,  and  have  the  most  careful  and  constant  supervision. 
An  apparatus,  in  which  focal  matter  is  of  necessity  kept  for  some  hours,  is  one 
which  obviously  demands  to  be  used  with  discretion  and  kept  with  can. 

Besides  the  apparatus  illustrated,  there  are  several  forms.  l>oth  in  cast-iron 


Flushing  tank 


Mg.  VI.— Section  of  Trough-chart  with  Automatic  Flushing  Tank. 


and  in  enamelled  or  salt-glazed  fire-clay,  many  of  which  are  equally  fitted  for  the 
purposes  they  have  to  serve.  The  important  points  are  that  there  should  l>e  a 
sufficient  quantity  of  water  in  the  trough,  but  that  it  should  not  be  wasted;  and 
that  the  periodical  flushing  should  l>e  automatic,  and  quite  beyond  the  control 
of  those  using  the  closets.  The  closets  should  also  be  separated  one  from 
another  in  the  trough  itself,  by  partitions  dipping  into  the  water.  This  can  also 
be  managed  by  providing  each  closet  with  an  ordinary  cone-shaped  Imsin,  the 
lower  part  of  which  dips  about  lj  inches  into  the  water  in  the  trough.  It  will 
be  noticed  that  this  separation  is  not  effected  in  the  trough-closet  illustrated. 

The  apparatus,  that  have  been  hitherto  dealt  with,  may  all  be  classed 
together  under  the  head  of  "  mechanical "  closets.  We  have  now  to  consider 
what,  for  want  of  a  better  name,  may  be  called  "  non-mechanical "  apparatus. 
The  difference  consists  in  this:  that  in  the  former  class,  the  arrangement  for 
controlling  the  flush  of  water  is  in  close  connection  with  the  basin  and  forms 
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part  of  it,  while  in  the  latter  the  mechanical  parts  are  connected  with  a  cistern, 
and  form  no  part  of  the  basin  or  closet  The  various  apparatus  coming  undrr 
the  head  of  "  non-mechanical  "  comprise  the  following:  hopper,  wash-out,  wash- 
down  or  short-  hopper,  and  ay  phonic. 

The  hopper  closet,  now  happily  almost  universally  condemned,  consists  of  a 
long  funnel-shaped  basin  with  a  trap  underneath,  its  means  of  flushing  being  a 
dribble  of  water  from  a  small  pipe,  turned  on  occasionally  or  more  often  leaking 
continually,  with  no  perceptible  effect  on  the  cleanliness  of  the  basin  or  the  con- 
tents of  the  trap. 

It   will   be   convenient   here  to  see  what  the  Model  By-laws  of  the  Local 
Government  Board  prescribe  as  the  necessary  conditions  for  a  sanitary  water 
closet      Every  water-closet   must,  according  to  these   by-laws,   be   provided 
with  "/xwi,  basin,  or  other  suitable  receptacle  of  non-absorbent  material,  and  of 
such  shafte,  of  such  cajyacity,  and  of  such  mode  of  construction,  as  to  receive 
and  contain  a  sujficient  quantity  of  water,  and  to  allow  all  Jilt  h  which  may 
from  tune  to  time  be  deposited  in  such  pan,  basin,  or  receptacle,  to  fall  free  of 
the  sides  thereof,  and  directly  into  the  water  received  and  contained  in  such 
pan,  basin,  or  receptacle".     From  this  regulation,  it  is  perfectly  clear  that  a 
basin  of  the  long-hopper  type  is  quite  inadmissible,  inasmuch  as  it  could  not 
comply  with  the  important  rendition  that  tilth  should  fall  clear  of  the  sides. 
Further,  it  is  impossible  to  wash  out  a  basin  of  this  type  by  any  ordinary  means. 
It  was  to  provide  an  efficient  substitute  for  the  long-hopper  closet  that  the 
wash-out  closet  was  devised.     This  closet  (fig.  292)  consists  essentially  of  two 

parts,  the  basin  and  the  trap,  which  are 
either  made  separately  or  in  one  piece  of 
earthenware;  sometimes  a  junction  is 
formed,  as  at  A  in  the  illustration,  to 
receive  a  trap-ventilating  pipe.  The 
basin  is  made  to  contain  a  small  quantity 
of  water,  into  which  the  dejecta  fall.  In 
order  to  flush  out  closets  of  this  and 
the  succeeding  type,  a  jet  of  water  im- 
pelled with  some  force  is  required,  and 
this  is  u  -nail  v  supplied  by  means  of  a 
flushing  pipe,  connected  with  a  flushing 


fixed  at  a  sufficient  height  above  the  twain  to  give  the  required  impetus. 
With  closets  of  the  wash-out  type,  the  depth  of  water  in  the  twain  is  often 
insufficient  to  cover  the  faeces  deposited,  and  the  effluvia  arising  is  often  most 
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offensive.  The  Hush  of  water  is  not  sufficient  to  clear  out  the  basin  thoroughly, 
and  is  of  course  quite  inadequate  to  clean  out  the  trap.  The  consequence  is 
that  the  bottom  of  the  basin  is  frequently  stained,  and  the  trap  is  never  free 
from  filth.  These  defects  render  this  form  of  closet  a  most  unsuitable  one, 
except  where  the  persons  using  it  take  extraordinary  precautions  to  keep  it  in 
proper  condition. 

The  *•  wash -down  "  OP  ••  short - 
hopper "  closet  (fig.  293)  is  probably 
the  best  for  all  purposes  that  can  be 
had.  The  essential  difference  t>etween 
it  and  the  wash-out  closet  is  that, 
whereas  in  the  latter  the  trap  is  in- 
dependent of,  and  underneath  the 
basin,  in  the  former  the  trap  is  a 
continuation  of  the  basin,  and  forms 
an  integral  part  of  it.  The  Hush  is  applied  in  the  same  way,  and  in  the  l*?8t 
forms  of  the  apparatus  enters  the  basin  both  from  a  jet  and  round  the  rim.  The 
method  of  connecting  an  anti-syphonage  pipe  is  shown  at  A  in  the  illustration. 
There  are  many  varieties  of  the  wash-down  closet,  called  by  all  sorts  of  name.4*. 
They  are  one  and  all  based  on  the  same  idea,  and  must  IKJ  regarded  as  good  or 
bad  according  as  they  fulfil  the  condition  of  l>eing  most  effectually  cleaned 
out  by  the  smallest  flush  of  water.  Some  makers  have  even  gone  the  very 
unnecessary  length  of  covering  the  outside  of  the  basin  and  trap  with  raised 
ornament,  sometimes  of  a  very  elaborate  type.  Such  an  addition  to  a  water- 
closet  is  obviously  out  of  place,  and  in  view  of  its  liability  to  get  fouled  by 
splashing  may  be  positively  offensive.  The  outside  and  the  inside  alike  of 
the  closets  should  be  as  smooth,  and,  if  of 
porcelain,  as  white  as  they  can  IHJ  made. 
Closets  made  of  fire-clay  are  usually  buff  out- 
side and  white  inside,  because  there  is  some 
technical  objection  to  white  enamel  being 
used  throughout.  The  chief  point  to  bear  in 
mind  in  choosing  a  closet  is  to  see  that  the 
form  of  the  basin  is  such  as  to  allow  the  faeces 
to  drop  into  the  water  without  striking 
against  the  sides  of  the  basin,  and  that  the 
whole  contents  of  the  basin  and  trap  are  completely  expelled  by  one  discharge 
of  the  flushing  cistern.  The  form  of  apparatus  known  as  the  "  Kenon"  closet, 
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made  by  Mann.  Holding,  is  shown  in  fig.  294 ;  it  is  made  in  one  piece  of  earthen- 
wan  with  a  broad  flange  for  securing  it  to  the  floor. 

Two  other  forms  of  wash-down  closet  are  illustrated,  because  they  show  a 
mm*]  feature  which  is  not  present  in  any  other  make.  The  "  Corbel"  and  the 
44  Bracket",  both  patented  by  Mr.  Hellyer,  are  examples  of  closets  which  are 
quite  independent  of  the  floor.  They  are  shown  in  Plate  XIII.  The  "Corbel" 
is  made  in  one  solid  piece  of  fire-clay,  and,  like  the  lavatory  basins  of  the  same 
maker,  has  a  flange  of  fire-clay,  which  is  built  into  the  wall  and  forms  the  support 
for  the  basin  and  trap.  In  the  "  Bracket"  apparatus  the  basin  only  is  made  in 
fire-clay  or  porcelain,  and  requires  the  support  of  an  iron  bracket;  the  trap  is 
made  of  lead.  The  great  advantage  aimed  at  in  both  these  apparatus  is  the  free 
floor-sj>ace  for  cleaning  underneath.  It  is,  however,  gained  at  the  expense  of 
some  additional  cost,  and  is  on  the  whole  more  suitable  for  hospitals  and  large 
institutions  than  for  private  houses.  The  drawback  to  the  "  Bracket"  closet  is 
that  the  tmp  i.s  necessarily  of  lead,  and  it  is  difficult  to  see  whether  it  is  clean  or 
not. 

Closets  of  the  wash-down  or  short-hopper  type  are  made  by  several  makers, 
with  porcelain  trays  at  the  top,  in  order  that  they  can  be  used  as  slop-sinks. 
The  ordinary  pedestal-closet  is  also  well  adapted  for  use  as  an  urinal,  and  is 
indeed  murh  more  suitable  for  the  purpose  than  many  of  the  urinal-basins 
specially  de.sijjned  for  the  purpose. 

The  syphonic-action  closet  is  an  attempt  to  combine  the  advantages  of  the 
valvc-apjwratus  and  the  wash-down  closet.  The  basin  holds  water  with  a  larger 
area  and  greater  depth  than  can  be  obtained  in  the  latter  apparatus,  but  no 
mechanical  appliances  are  needed  in  connection  with  the  basin  itself,  as  is  the 
case  with  apparatus  of  the  former  class.  The  principle  of  the  apparatus  is 
that  the  contents  of  the  basin,  instead  of  being  forced  out  by  a  jet  of  water,  are 
syphoned  out.  The  long  leg  of  the  syphon  D  (fig.  295)  is  filled  with  water, 
and,  when  the  air  alxjve  the  water-level  at  the  outgo  of  the  basin  is  partially 
exhausted,  the  atmospheric  pressure  on  the  surface  of  the  water  in  the  basin 
starts  the  syphon  in  the  usual  way.  The  contents  of  the  basin  are  then  carried 
through  the  trap  c  into  the  soil-pipe  E.  The  apparatus  illustrated  is  that 
patented  by  Messrs.  Jennings  &  Morley,  and  is  called  the  "Closet  of  the 
Century".  Another  form  of  the  same  type  of  closet  is  the  "  Dececo",  and  yet 
another  is  Holding's  patent  "  Laydas"  syphonic-action  closet.  The  only  possible 
defect  in  this  type  of  apparatus  is  that  it  might  be  possible  to  syphon  out  not 
only  the  basin  but  the  trap.  But  in  the  form  chosen  for  illustration  this  appears 
to  be  amply  guarded  against  by  the  anti-syphonage  pipe  B.  The  flushing  of  the 
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basin  is  also  provided  for  by  the  arrangement  for  diverting  the  supply  of  water 
partly  to  the  syphonic  arm,  and  partly  to  the  flushing  rim  of  the  basin.  This 
very  necessary  safeguard  is 
not  provided  in  some  other 
forms  of  this  apparatus, 
and  the  obvious  result  of 
the  neglect  of  this  precau- 
tion is  that  the  basin  is 
never  thoroughly  cleaned 
out. 

The  subject  of  seats 
and  casing's  to  water-closets 
must  now  be  considered. 
The  question  of  the  desira- 
bility of  casings  to  water- 
closets  has  been  briefly 
alluded  to  in  the  introduc- 
tory remarks  in  this  sec- 
tion. A  well-made  casing 
to  a  water-closet,  especially 
if  the  apparatus  is  of  the 
valve -type,  is  certainly 
neater  and  more  sightly 
than  the  cranks  and  levers 
of  the  mechanism  itself.  It 
serves,  moreover,  the  useful 
purpose  of  deadening  the 
sound  caused  by  the  use  of 
the  apparatus;  and  for 
ladies'  use  it  has  certain  not 
unimportant  advantages, 
which  need  not  be  more 
particularly  specified.  In 
mansions  and  in  houses  of 
the  more  expensive  type,  where  the  best  workmanship  and  materials  can  be 
applied,  it  is  certainly  desirable  to  incase  the  best  water-closets.  But  in  all  other 
cases,  unless  the  work  can  be  done  in  the  best  way,  it  is  better  to  have  a  simple 
rim  seat,  hinged  at  the  back.  If  the  plain  rim  seat  following  the  curve  of  the 
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basin  be  objected  to,  it  is  quite  easy  to  carry  the  seat  on  brackets  fixed  on  either 

side  wall  so  that  it  extends  the  whole  width  of  the  closet. 

The  proper  method  of  making:  a  perfect  joint 
between  the  porcelain  or  fire-clay  outgo  of  a 
wash -down  water-closet  and  the  lead  branch  to 
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Kig.  srr  -Doulton'i  "  Mrtallo-ceramlc"  Joint  between  Earthenware  and  Lead. 

the  8oil-pij)e.  is  a  point  of  great  importance  and  not  a  little  difficulty.     The 
joint  required  by  the  regulations  of  the  London  County  Council  is  made  with  a 

brass  thimble,  which  is  jointed  to 
the  lead-pipe  with  a  wiped  solder- 
joint,  and  to  the  porcelain  outgo 
of  the  closet  with  Portland  cement 
(fig.  296).  It  is  questionable 
whether  this  joint  is  a  really  per- 
manent one.  The  solder-joint  be- 
tween brass  and  lead  is  of  course, 
if  properly  made,  a  perfect  union, 
but  the  Portland  cement  between 
the  brass  and  the  porcelain,  being 
liable  to  expansion  and  contrac- 
tion, may  after  some  time  become 
detached  from  the  surfaces  to 
which  it  ought  to  adhere.  Doul- 

ton's  metallo-ceramic  joint  (fig.  297)  is  really  a  solder-joint  in  a  lead  socket, 
with  the  outer  surface  of  the  porcelain  metallized  to  take  the  solder.     Time 
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will  show  the  durability  of  this  joint  It  certainly  has  the  merit  of  being  neat 
in  appearance  and  easily  made.  The  flange  method  (fig.  298),  ia  a  good  joint, 
but  requires  to  be  examined  from  time  to  time,  and  the  bolte  tightening  up 
when  required.  It  is,  however, 
not  allowed  by  the  regulations  of 
the  London  County  Council.  Fig. 
299  is  a  less  satisfactory  form  of 
flange-joint.  Freeman's  lead  con- 
nection (fig.  300)  is  practically  a 
screw -joint.  The  difficulty  with 
this  seems  to  be  that  if  at  anv 
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time  the  joint  required  to  be  tight- 
ened up,  the  pipe  would  have  to 
be  sundered,  as  it  is  quite  evident 
that  the  closet  could  not  be  turned 
round.  Mr.  Hellyer  has  devised 
what  he  considers  an  improvement  on  the  Portland-cement  joint  by  «ul>stituting 
an  elastic  cement  for  the  Portland  cement  The  socket  of  the  brass  thimble 
(fig.  301)  is  filled  with  alternate  rings  of  elastic  cement  and  yarn,  and  by  this 
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Fig.  SOD.- Freeman's  Screw  Connection  between  Earthenware  and  Lead. 

means  it  is  hoped  to  obtain  a  joint  which  is  not  affected  by  expansion  and 
contraction.  Humpherson's  joint,  shown  in  fig.  302,  is  formed  by  placing  the 
end  of  the  closet-outgo  into  the  socketed  end  of  the  lead  pipe,  and  covering 
the  joint  with  an  india-rubber  collar  kept  in  position  by  a  copper  clip;  it  is 
doubtful  if  this  will  make  a  permanently-tight  joint 

In  all  forms  of  wash-down  closets  where  the  trap  is  of  the  same  material  as 
the  basin,  the  form  of  the  trap  is  necessarily  that  of  the  ordinary  so-called 
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syphon  or  round-pipe  trap.  As  no  trap  is  so  easily  cleansed,  so  is  no  trap  more 
readily  unsealed  or  syphoned  out;  and  it  is  frequently  necessary  to  provide 
against  such  an  occurrence.  The  syphonage  or  unsealing:  of  traps  is  caused  by 
the  diaturlmnce  of  the  atmospheric  pressure  on  the  water  in  the  trap,  by  the 
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Fig.  302.— Humphcreon'i  Joint 
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Htidden  discharge  of  a  volume  of  water  either  down  the  main  pipe  with  which 
the  trap  is  connected,  or  into  the  apparatus  to  which  the  trap  belongs.  It  can 
only  U»  obviated  in  the  case  of  a  round-pipe  trap  by  fixing  a  ventilation-pipe  to 
the  trap  it.-elf  on  the  side  furthest  from  the  closet,  as  shown  at  A  in  figs.  292 
ami  293,  and  B  in  fij;.  295.  In  the  case  of  a  stack  of  two  or  more  closets  dis- 
into  one  soil-pipe,  each  trap  should  be  ventilated  into  a  vertical  pipe, 
hould  be  carried  up  and  connected  to  the  ventilation-pipe  of  the  soil- 
pi  l>e  al>ove  the  highest  w.c.,  as  shown  in  Plate  X. 

In  cases  where  lead  traps  are  used,  the  Anti-D  trap  (fig. 
303)  will  as  a  rule  obviate  the  necessity  for  a  trap-ventilation 
pipe.  This  trap  was  devised  by  Mr.  Hellyer  with  a  view  to 
prevent  syphonage  by  allowing  space  for  expansion,  and 
under  very  severe  tests  has  proved  equal  to  the  task.  It  is 
well,  however,  not  to  depend  too  implicitly  on  the  trap,  but 
to  make  assurance  doubly  sure  by  providing  the  anti-syphonage  pipe. 

The  flushing1  arrangements  for  closet-basins  have  been  described  with  each 
clam  of  apparatus;  but  it  may  \te  well  to  emphasize  one  or  two  special  points. 
No  closet  of  the  "  wash-down"  type  can  be  admitted  as  satisfactory,  unless  it  has 
an  adequate  flushing  rim.  It  is  absolutely  essential  to  the  cleanliness  of  this 
kind  of  tiasin  that  the  sides  of  the  basin  should  l>e  washed  down  at  every  flush. 
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It  is  also  necessary,  though  perhaps  not  so  vitally  MMPtinl.  to  the  valve-closet. 
To  the  latter  class  of  closets,  whut  is  called  an  "  after-flush  "  is  molt  eaeential. 
Wherever  the  quantity  of  water  used  at  each  discharge  of  the  closet  is  restricted 
by  local  regulations  made  in  virtue  of  legal  powers,  a  part  of  the  water  used  for 
flushing  should  be  retained,  and  only  admitted  to  the  basin  after  the  vaJve  is 
shut  down.  This  is  called  the  after-flush,  and  is  required  in  order  that  the 
whole  of  the  water  allowed  for  flushing  shall  not  be  sent  out  of  the  basin,  and 
the  latter  left  dry. 

In  most  places  where  a  public  or  municipal  water-supply  exists,  the  quantity 
of  water  to  be  used  at  each  discharge  of  the  contents  of  a  water-closet  is  restricted 
by  by-law  or  regulation.  This  restriction  is  necessary  in  order  to  control  the 
consumption  of  water,  and  prevent  waste;  but  it  cannot  lie  denied  that  it  may, 
and  under  some  circumstances  does,  become  very  prejudicial  to  health.  It  is 
obviously  right  and  proper  that  waste  should  l>e  prevented,  but  to  fix  a  hard- 
and-fast  limit  to  the  quantity  of  water  to  be  used  at  each  discharge  of  a  closet, 
without  reference  to  the  position  of  the  closet  in  regard  to  the  drain,  or  to  that 
of  the  drain  in  regard  to  the  sewer,  is  absurd.  We  must,  however,  take  the  law 
as  we  find  it,  and  do  the  best  that  can  l>e  done  under  existing  circumstances. 
The  regulations  vary  in  different  localities,  but  the  variation  is  so  slight  that 
it  may  be  taken  that  the  great  majority  of  local  authorities  (including  all  the 
Water  Companies  of  London)  have  fixed  the  limit  of  water  to  lie  used  at  each 
discharge  at  a  maximum  of  two  gallons.  Now  it  may  be  admitted  at  the  outset 
that,  given  a  basin  and  trap  of  perfect  form,  and  a  Hushing  pipe  of  sufficient  size 
fixed  with  accuracy,  a  flush  of  two  gallons  is  under  ordinary  circumstances 
sufficient  to  clear  out  the  basin  and  trap,  and  leave  clean  water  for  the  next  user. 
Experience,  however,  proves  that  the  two-gallon  maximum  of  the  authorities 
should  really  be  a  minimum,  and  that  in  many  cases  a  larger  quantity  is 
required. 

Whatever  the  quantity  of  water  may  be,  it  should  l>e  delivered  in  full  and 
automatically;  that  is  to  say,  the  total  quantity  should  be  discharged  into  the 
basin  at  every  pull  of  the  handle,  without  it  l>eing  within  the  power  of  the 
person  using  the  closet  to  restrict  the  amount.  Many  inferior  kinds  of  flushing 
cisterns,  or  "water-waste  preventers"  as  they  are  more  properly  called,  only 
discharge  their  full  contents  if  the  handle  or  pull  is  kept  down  until  the  flow  of 
water  ceases.  This  form  of  flushing  cistern  is  much  in  favour  with  Water 
Companies,  whose  sympathies  are,  naturally  enough,  on  the  side  of  economy  of 
water,  and  not  in  any  way  concerned  with  the  sanitary  side  of  the  question.  It 
is  of  course  very  necessary  and  desirable  that  water  should  not  be  recklessly 
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wasted;  but  it  is  of  far  greater  importance  to  the  health  of  the  community  that 
sufficient  water  should  be  available  for  efficient  flushing. 

The  cisterns  which  have  been  referred  to  as  discharging  their  whole  contents 
automatically,  are,  with  one  or  two  exceptions,  constructed  on  the  principle  of 
a  syphon,  and  are  therefore  often  known  as  •»  syphon  cisterns  ".  The  pull  of  the 
handle  brings  into  action  mechanism  of  some  form  or  other,  which,  by  disturbing 
the  balance  of  air-pressure,  starts  the  syphon  and  empties  the  cistern.  One  of  the 

earliest  and  simplest  of  this  kind  of  flushing  cistern 
is  "  Bean's  Patent  Direct-acting  Valveless  Waste- 
preventer".  A  section  of  this  apparatus  is  given  in 
tip.  304,  and  will  serve  as  a  type  of  many  others  of 
varying  excellence.  The  syphon  is  started  by  pull- 
inp  the  handle  or  chain  attached  to  the  lever,  one 
end  of  which  is  fastened  to  the  dome  or  short  leg  of 
the  syphon.  The  dome  being  lowered,  water  flows 
over  the  lip  of  the  long  leg  of  the  syphon,  the  pres- 
sure of  air  atave  the  water  inclosed  between  the 
lonp  and  short  legs  is  reduced,  and  the  syphonic 
action  is  started.  There  are  numberless  devices 
for  attaining  the  same  end,  some  of  them  more  complicated  than  others;  but 
it  is  scarcely  necessary  or  profitable  to  describe  their  many  variations  of 
detail. 

A  flushing  cistern  that  answers  well  in  practice,  and  contains  neither  valve 
nor  syphon,  is  one  in  which  the  water  is  discharged  by  the  tipping  of  a  receptacle 
hunp  in  the  cistern  on  pivots.  This  also  may  be  classed  with  the  automatic  type 
of  cistern. 

Reference  must  be  made  to  flushing-  cisterns  provided  with  valves.  They 
are  not  to  \&  recommended  for  general  use,  inasmuch  as  the  valve  is  closed,  and 
the  flow  of  water  ceases  immediately  the  handle  is  released.  They  are  useful  for 
-applying  valve-closets,  because  the  after-charge  can  be  arranged  with  ease  and 
-implirity. 

One  great  objection,  that  is  commonly  and  with  much  reason  urged  against 
all  classes  of  flushing  cisterns,  is  the  noise  that  seems  inseparable  from  the  use  of 
even  the  \iest.  Noise  to  some  extent  is  inevitable  when  a  large  body  of  water  is 
discharged  quickly;  but  anything  that  reduces  or  minimizes  the  avoidable  noise, 
i.e.,  that  which  results  from  the  mechanism  of  the  apparatus,  is  a  distinct  pain. 
The  noise  of  the  water  entering  the  cistern  may  be  greatly  reduced  by  carrying 
the  inlet  pipe  to  the  bottom  of  the  cistern,  as  in  Merrill's  "Noiseless"  cistern, 
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and  a  new  cistern  has  recently  been  brought  out,  known  as  the  "  Water-witch  ", 
in  which  the  same  end  appears  to  have  been  gained. 

Portable  water-closets  with  cisterns  at  the  side  are  simply  an  improvement 
on  the  ordinary  commode,  and  belong  really  more  to  furniture  than  to  sanitary 
fittings.  The  water  is  forced  into  the  basin  by  a  small  hand-pump,  worked  by 
a  handle  fixed  in  the  ordinary  way  at  the  side  of  the  basin. 

The  question  of  automatic  flushing  by  a  mechanical  apparatus,  connected 
either  with  the  seat  or  the  door  of  the  closet,  has  l>een  frequently  attacked,  but 
it  cannot  be  said  to  have  been  successfully  grasped.  By  an  arrangement  of 
levers  attached  to  the  seat,  the  water  is  admitted  to  the  basin  either  before  or 
after  use,  the  weight  of  the  user  setting  the  machinery  in  motion.  Another 
plan  is  to  connect  the  outlet-valve  of  the  flushing  cistern  by  a  rod  and  crank 
with  the  door  of  the  closet,  so  that  each  time  the  door  is  opened  the  l>a.sin  is 
flushed.  In  either  case  the  mechanism  involved  is  of  such  a  nature  that  it  is 
very  easily  put  out  of  order,  and  when  that  is  the  case,  the  closet  is  wor«e  than 
useless.  The  object  aimed  at  is  a  most  excellent  one ;  and  any  one  who  invents 
a  really  efficient  and  lasting  automatic  apparatus  will  confer  a  #reat  IKXMI  on  the 
community. 


CHAPTER    VI. 
URINALS. 

Of  all  the  various  fittings  which  come  under  the  head  of  sanitary  appliances, 
the  urinal  is  the  most  difficult  to  deal  with.  Urine  contains  54  per  cent  of  urea, 
which  decomposes  very  rapidly,  producing  carbonate  of  ammonia,  the  pungent 
and  offensive  smell  of  which  is  familiar  to  all.  Another  constituent  of  urine  is 
uric  acid,  which  is  only  feebly  soluble  in  water,  and  which  readily  adheres  to 
any  dry  surface  with  which  it  comes  in  contact,  causing  the  well-known  "  fur- 
ring" so  commonly  to  be  observed  in  ill-kept  urinals.  The  decomposition  of 
urine  is  much  assisted  by  heat,  and  for  this  reason  the  free  ventilation  of  urinals 
is  of  the  utmost  importance.  For  ordinary  domestic  purposes,  a  fixed  urinal  is 
unnecessary  and  undesirable.  With  proper  care  in  the  use,  a  pedestal-closet  of 
the  wash-down  type,  with  a  hinged  seat,  affords  the  necessary  convenience  in  the 
way  least  likely  to  become  offensive.  But  it  may  be  urged  that  a  closet  basin 
is  not  arranged  in  the  most  convenient  way  for  the  purpose,  and  that  unless 
great  care  is  taken,  the  floor  is  liable  to  be  splashed.  There  is  much  truth  in 


SANITARY   FITTINGS. 

this,  and  for  this  reason  it  is  perhaps  best  to  keep  an  ordinary  chamber-utensil 

in  the  w.c. 

There  are  circumstances,  however,  which   necessitate   the   provision   of  a 

properly-devised  urinal,  as,  for  example,  a   boarding-school   for  boys,  or  an 

establishment  in  which  a  considerable  number  of  men-servants  are  employed. 
Where  a  range  of  urinals  is  required,  the  l>est  plan  is  to  form  a  trough,  either 

in  iron  or  in  salt -dazed  or  enamelled  fire-clay.     At  the  outlet  end  of  the  trough 

is  a  weir,  by  means  of  which  the 
trough  is  kept  constantly  full  of 
water,  and  the  urine  is  always 
very  largely  diluted.  An  automatic 
Hushing  tank,  the  capacity  of  which 
should  of  course  bear  n  definite 
relation  to  the  size  of  the  trough, 
is  fixed  over  the  end  furthest  from 
the  outlet,  and  being  set  to  dis- 
charge at  certain  intervals,  flushes 
the  trough  and  leaves  it  full  of 
clean  water.  It  is  necessary,  with 
this  form  of  urinal,  to  provide  for 
carrying  away  any  urine  that  may 
be  dropped  clear  of  the  trough. 
This  is  done  by  forming  a  small 
channel  just  in  front  of  the  trough, 
and  providing  a  subsidiary  flush- 
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ing  pipe  for  cleaning  it  when  the 
trough  is  flushed. 

A  very  much  improved  form  of  stall-urinal  has  come  much  into  use  of  late 
for  public  urinals.  Formerly  these  conveniences  were  usually  formed  of  slate, 
and  Miiiirtiinofi  provided  with  porcelain  basins.  The  slate  very  speedily  becomes 
coated  with  uric  acid,  and  is  extremely  offensive;  and  the  ordinary  basin  with 
it*  grated  outlet,  small  waste-pipe,  and  feeble  flushing  apparatus,  is  worse  than 


The  improved  form  referred  to  consists  of  a  semicircular  back  of  enamelled 
fire-clay,  with  a  dished  and  rounded  floor  of  the  same  material.  The  latter 
drains  into  an  open  channel  covered  with  a  grating,  and  discharging  into  a  trap 
connected  with  the  drain.  The  whole  is  flushed  with  a  spargc-pipe,  curved  to 
the  form  of  the  back.  Though  there  is,  in  an  urinal  of  this  description,  a  large 
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flushing  of  the  glazed  surface,  keep  it  always  perfectly  inoffensive  and  sweet 

This  kind  of  urinal  is  perhaps  to  be  preferred  to  the  trough  kind,  where  the 
quantity  of  water  available  is  restricted.  But  in  either  case  the  urinal  should 
be  placed  in  a  freely- ventilated  and  well-lighted  building,  entirely  cut  off  from 
the  interior  of  the  house  to  which  it  belongs. 

There  are  positions,  as,  for  example,  the  lavatory  attached  to  a  billiard-room 
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in  a  private  house,  where  a  single  or  perhaps  two  urinals  are  deemed  a  necessity, 
and  it  is  cases  such  as  these  which  demand  the  utmost  care  in  arrangement. 
Fig.  305,  which  is  reproduced  by  permission  of  Mr.  S.  S.  Hellyer  from  The 
Plumber  and  Sanitary  Howes,  shows  a  three-basin  arrangement  of  this  kind. 
The  basins  are  of  the  wide-fronted  kind,  a  fonn  which  owes  its  origin  to  a  sug- 
gestion of  Mr.  John  Taylor,  the  well-known  architect  to  H.M.  Office  of  Works, 
and  which  is  a  great  improvement  on  the  old  lip-fronted  form.  The  down-pipes 
from  the  basins  are  all  made  of  cast-iron,  porcelain-enamelled  inside  and  out,  and 
are  detachable  for  cleaning  purposes.  They  discharge  into  an  open  channel, 
which  has  a  trap  with  proper  ventilation  at  one  end.  The  sides,  backs,  and 
floor  are  all  made  of  St.  Anne's  marble,  which,  when  polished,  successfully  resists 
the  action  of  urine.  The  flushing  is  provided  for  by  a  small  tank  containing 
three  gallons  of  water,  and  it  is  possible  to  arrange  the  flushing  pipes  in  such  a 
way  that  one  gallon  of  water  is  discharged  into  each  basin  at  each  pull  of  the 
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handle.  The  flush  can  also  be  made  automatic  and  regulated  to  discharge  at 
certain  intervals. 

To  ensure  the  waste  being  kept  free  from  deposit,  Mr.  Hellyer  recommends 
that  a  piece  of  soda  should  be  kept  in  each  basin. 

The  plan  and  section  of  a  compact  group  of  six  urinal-basins  are  given  in 
fig.  306. 
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CHAPTER  I. 

GENERAL   DESIGN. 

One  of  the  prime  necessaries  of  life  is  an  abundant  supply  of  pure  water 
for  dietetic  and  cleansing  purposes;  after  use,  in  the  first  ca.se,  it  is  voided  by  the 
body,  and  in  the  other,  it  is  fouled  either  by  personal  ablution,  or  in  the  washing 
of  houses  and  their  contents,  and  in  both  cases  it  must  be  disposed  of  so  as  not 
to  be  a  nuisance  either  to  the  occupants  of  the  house  from  which  it  is  discharged 
or  to  the  community  at  large.  Man  in  his  primitive  state  disposed  of  the  liquid 
refuse  from  his  dwelling  by  turning  it  on  to  the  surrounding  soil.  It  is  not 
necessary  here  to  enlarge  upon  dangers  that  have  from  time  to  time  arisen  from 
the  accumulated  pollutions  thus  created ;  every  student  of  history  is  familiar 
with  the  devastation  caused  by  the  several  outbreaks  of  plague  in  this  country 
(and  of  cholera  within  the  memory  of  many  now  living),  and  the  inception  of 
sanitary  science  as  now  practised  may  IKJ  attributed  to  the  lessons  taught  by 
the  great  scourge  of  1848  and  1849.1 

However  pure  the  air  surrounding  a  house  may  be,  however  dry  the  site,  and 
however  wholesome  the  water  available  for  domestic  purposes,  that  house  cannot 
be  healthy  unless  there  is  provided  some  system  of  conduits,  that  will  convey 
from  its  precincts  all  the  liquid  refuse  before  decomposition  has  set  up.  This  is 
the  function  of  the  drain,  which  is  spoken  of  here  in  its  ordinary  or  popular 
sense,  and  not  as  defined  by  the  Public  Health  Act,  1875,  which  will  be  referred 
to  at  a  subsequent  stage.  There  is  still  one  other  function  for  the  drain  to 
perform,  and  that  is  to  carry  off,  in  addition  to  the  liquid  refuse,  a  certain 
proportion  of  the  rain  which  falls  on  or  about  the  house.  These  being  the  two 
important  purposes  which  a  drain  has  to  serve,  it  is  necessary  to  understand  all 
the  circumstances  affecting  each. 

1  The  terrible  epidemic  of  typhoid  fever  at  Maidstone  in  1897  appeal*  to  bar*  been  doe  to  a  water  ••apply  polluted 
in  this  way. — En. 
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The  first  duty  is  to  ascertain  the  amount  of  liquid  refuse  likely  to  be  dis- 
charged from  a  house.  For  making  large  calculations  for  sewage -disposal 
purposes,  from  20  to  30  gallons  per  head  per  day  is  assumed  or  taken  from  the 
returns  of  the  water  actually  consumed,  but  in  a  large  town  some  proportion  of 
this  water  does  not  find  its  way  into  the  house-drains,  as  it  is  used  for  a  variety 
of  public  purposes  (such  as  baths,  fountains,  watering  streets,  flushing  sewers, 
extinction  of  fires,  and  trade  purposes),  and  when  we  come  to  analyse  the 
amounts  consumed  per  house,  we  shall  be  surprised  to  find  how  great  is  the 
variation.  Where  people  draw  their  water  from  stand-pipes,  the  daily  con- 
sumption averages  about  7  gallons  per  head,  and  in  those  communities  where 
the  water-supply  is  tatter  but  the  conservancy-closet  system  prevails,  it  is  about 
10  gallons  per  head.  On  the  other  hand,  we  may  find  that  in  large  houses, 
where  the  water  is  conveyed  to  every  floor,  and  baths,  lavatories,  sinks,  and 
w.e.'s  are  fitted,  the  daily  consumption  may  l>e  40  gallons  on  the  average,  and 
may  reach  as  much  as  70,  if  the  occupants  indulge  in  the  daily  tub.  Dr.  Parkes 
says  that  he  found  12  gallons  to  !>e  the  amount  used  by  a  clean  healthy  man  of 
the  middle  class  belonging  to  a  fairly  clean  household,  and  this  amount  he  sub- 
divided as  follows: — 

Gallon* 

Cooking.                                                                    75 

Fluids  as  drink  (water,  tea,  coffee,  Arc.),        ...         ...         ...         ...         ...         ...  -33 

Ablution,  including  a  daily  sponge  kith  taking  two-and-a-half  to  three  gallons,   ...  5'00 

Share  of  utensil  and  house  washing,  ...          ...          ...          ...          ...          ...         ...  3-00 

Share  of  clothes  (laundry)  washing  estimated,          3'00 

1208 

Where  water-closets  are  provided  in  the  house,  other  4  gallons  at  least  should 
be  allowed  per  head.  If  the  closets  outside  are  upon  the  slop- water  system,  no 
further  amount  need  l>e  calculated.  The  amount  of  faeces  Parkes  puts  down  as 
averaging  2  J  ounces  per  head  per  day,  and  of  urine  about  40  ounces.  There  may 
in  certain  houses  be  an  addition  to  this  liquid  refuse  in  the  shape  of  drainage  from 
stables,  cow-houses,  and  carriage  washing,  and  in  towns  from  slaughter-houses 
and  from  certain  trades,  but  as  the  water  for  this  purpose  is  usually  supplied  by 
meter,  a  general  average  quantity  can  be  readily  ascertained. 

While  it  is  very  desirable  to  separate  the  rainfall  from  the  sewage  to  the 
fullest  possible  extent,  in  order  to  lessen  the  difficulties  of  dealing  with  the 
sewage  at  the  outfall -works,  it  is  obvious  that  some  proportion  must  be  conveyed 
by  the  house-drain,  unless  it  is  feasible  to  provide  two  systems  of  conduits.  In 
country  places  there  is  generally  little  difficulty  in  doing  this,  but  in  towns  the 
prevalence  of  two  systems  is  not  an  unmixed  blessing;  unless  the  methods  of 
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supervision  leave  nothing  to  be  desired,  from  time  to  time  connections  are  apt 
to  be  made  of  soil-drains  to  rain-water  drains,  and  the  presence  of  two  sjlUun 
must  ultimately  lead  to  confusion.  It  is  in  many  cases,  however,  quite  possible 
to  separate  the  water  falling  in  the  fronts  of  houses  from  the  sewage,  and  it  must 
be  remembered  that  in  those  districts  where  the  Private  Street  Works  Act,  1892, 
is  adopted,  councils  have  power  to  compel  the  owners  to  provide  two  sewers  for 
sewage  and  surface-water  respectively  (Sec.  9,  sub-sec,  l). 

It  may  be  assumed  that  at  least  the  rain-water  from  the  back  portions  of 
roofs,  and  that  which  falls  on  paved  and  flagged  surfaces  of  yards  and  areas, 
must  be  provided  for  in  the  system  of  sewage-drains.  The  following  table  is 
often  quoted  as  showing  the  depth  of  rainfall  per  hour  flowing  off  various 
surfaces,  for  which  provision  should  IKJ  made  in  sewers:— 

TABLE  XXIV. 
FLOW  OF  RAINFALL  PER  HOUR  FROM   VARIOUS  SURFACES. 

InrbM 
In  depth. 

From  roofs,     . . .  -5 

From  flagged  surfaces,  -2 

From  paved  surfaces,...  -1 

From  gravel  surfaces  with  clay  subsoil,       ...  -05 

From  gravel  surfaces  with  gravel  or  chalk  subsoil,  -01 

From  meadows  or  grass  plots,  02 

The  average  number  of  days  per  annum,  upon  which  '5  of  an  inch  of  rain  falls  in 
the  24  hours,  is  6,  and  1  inch  or  more  falls  upon  one  or  sometimes  two  of  those 
days,  and  very  frequently  that  quantity  is  discharged  in  a  very  short  space  of 
time.  On  p.  128  of  Symons's  British  Rainfall,  1884,  the  following  extremes 
of  rainfall  in  the  British  Isles  are  recorded  :— 

0*55  inch  in  5  minutes.  T50  inches  in  45  minutes. 

110  inches  in  15  minutes.  1*80  inches  in  60  minutes. 

1-25  inches  in  30  minutes.  2*20  inches  in  120  minutes. 

It  is  by  no  means  rare  (and  it  is  within  my  own  knowledge)  to  have  a  fall  of 

1  inch  in  half  an  hour.      So  that  it  will  be  safe  to  take  an  extreme  case  of,  say, 

2  inches  falling  in  1  hour.     As  it  is  usually  impossible  to  pass  this  rainfall  away 
by  any  other  method  than  the  drain,  or  to  have  any  system  of  relief  or  storm- 
overflow  drains,  the  house-drain  must  serve  this  purpose,  and  although  some 
small  portion  may  by  soakage  and  evaporation  not  reach  the  drain,  this  portion 

—having  regard  to  the  impervious  character  of  the  surfaces  of  the  roofe  and 
yards,  and  the  rapidity  with  which  rain  falls  during  violent  storms — may  be 
neglected.  It  used  to  be  the  custom  to  make  an  allowance  also  for  a  certain 
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amount  of  subsoil-water  finding  its  way  into  the  drains,  the  joints  of  which  were 
purposely  left  open  to  facilitate  its  entrance,  but  joints  which  let  water  in,  also 
let  sewage  out,  and  thus  set  up  a  dangerous  condition  of  things  by  the  pollution 
of  the  soil  The  realization  of  this  fact,  coupled  with  the  necessities  of  keeping 
out  surface  or  ground  water  as  far  as  possible,  as  referred  to  above,  has  led  to 
drains  being  constructed  with  al>solutely  water-tight  and  air-tight  joints,  so  that 
they  may  more  efficiently  perform  their  functions  as  conduits  for  sewage  and 
foul  waters,  the  speedy  removal  of  which  from  the  house  and  its  precincts  is  one 
of  the  most  essential  conditions  necessary  to  the  maintenance  of  a  healthy 
habitation. 

Before  laying  down  any  code  of  regulations  to  ensure  efficiency  in  a  drainage 
system,  it  will  IK-  well  to  consider  what  are  the  dangers  and  defects  to  be 
avoided.  The  removal  of  domestic  sewage  is  either  effected  by  the  water- 
carriage  system,  or  by  the  conservancy  system,  which  includes  "  privy-midden" 
closets  "pail"  and  "earth"  closets.  In  the  conservancy  system,  the  faeces  are 
kept  out  of  the  drains,  which  receive  only  the  foul  waters  of  the  house.  Very 
many  |>eople  remain  under  the  impression  that,  with  a  conservancy  system,  the 
question  of  drainage  is  of  little  importance,  as  they  imagine  that  what  the  drain 
has  to  ronvey  away  is  not  of  a  dangerous  character;  but  when  we  come  to  add 
to  the  ordinary  waste  waters  of  the  house,  the  chamber-slops  containing  the 
urine,  and  in  some  cases  the  sewage  from  stables,  cow-houses,  and  piggeries,  it 
will  be  at  once  seen  that  we  have  a  highly-complex  liquid,  and  one  which  differs 
in  its  impurity  only  to  a  slight  degree  from  the  sewage  containing  also  the  dis- 
charges from  water-closets.1 

Decomposition  of  sewage  logins  directly  it  passes  into  the  drain,  and  may 
be  said  to  reach  its  most  active  stage  after  the  lapse  of  from  three  to  four  days, 
though  in  some  states  of  the  atmosphere  the  time  is  longer.  Often  very  fetid 
substances  are  given  off,  and  the  following  gases  have  been  traced  :  —  Sulphuretted 
hydrogen  (H,S),  marsh  gas  (CH4),  bicarburetted  hydrogen  (C2H4),  carbonic  acid 
gas  (CO,)  in  excessive  quantities,  and  ammoniacal  gas.  Having  regard,  there- 
fore, to  the  dangerous  character  of  sewage,  it  is  important  that  the  system  of 
drainage,  devised  for  removing  it  from  the  precincts  of  the  house,  shall  be  free 
from  defects  attributable  to  l>ad  design,  unsuitable  materials,  and  careless  work- 


The  only  drainage-system  to  many  houses  consists  of  a  series  of  stone  or 
brick  drains  of  rectangular  form,  the  materials  being  laid  with  open  joints. 
While  this  type  of  drain  may  be  the  most  suitable  for  drying  the  ground,  it  is 

1  SM  VoL  IL,  Section  UL,  p*g*  4. 
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the  most  unsuitable  for  conveying  sewage,  which  is  invariably  deposited  upon 
the  Hat  bottom,  and  percolates  through  the  open  joints  into  the  surrounding 
soil,  and  the  gases  given  off  may  be  drawn  through  the  soil  into  the  house,  or 
escape  by  way  of  the  connections  and  imperfect  sanitary  appliances  into  the 
house.  In  many  instances,  this  particular  type  of  drain  was  originally  kid 
down  for  the  purpose  of  draining  away  the  water  found  in  the  site,  and  is 
frequently  found  under  basements  of  houses.  From  time  to  time,  as  sanitary 
appliances  have  been  added  to  the  house,  the  several  waste-pipes  have  been 
connected  to  the  drain,  until  gradually  it  has  become  filled  with  sewage-deposit, 
and  a  huge  underground  reservoir  of  sewage-gas  is  formed. 

Another  very  objectionable  type  of  drain  is  that  formed  of  egg-shaped 
earthenware  pipes  with  "  butt"  joints, — that  is,  an  open  joint  without  any  over- 
lapping sockets, — which  allow  the  percolation  of  the  sewage  into  the  soil  and  the 
escape  of  gas;  and,  in  addition,  this  want  of  joint  facilitates  deposit  in  the  pipe 
by  reason  of  the  readiness  with  which  any  floating  object  gets  locked  in  the 
opening  between  the  pipes,  and  so  forms  an  obstruction. 

The  material  now  most  generally  used  for  house -drains  is  the  circular 
socketed  earthenware  pipe,  but  it  will  not  do  to  assume  that,  because  the  drain 
is  of  this  material,  it  is  therefore  quite  right.  A  drain  formed  with  such  pipes 
may  be  extremely  defective,  because  of  their  unsoundness,  l>ad  shape,  and  want 
of  proper  jointing,  as  well  as  on  account  of  imperfect  foundation,  and  not  taing 
laid  true  to  the  gradient  or  alignment,  any  of  which  defects  will  surely  cause 
the  drain  to  become  a  nuisance. 

One  of  the  greatest  defects  to  be  avoided  is  bringing  a  drain  Inside  a  house. 
It  is  rare  indeed  that  any  necessity  arises  for  such  a  course,  yet  it  is  very 
common  to  find  basements  plentifully  supplied  with  gullies,  and  investigation 
reveals  that  the  only  purpose  they  serve  is  to  carry  away  the  water  used  in 
washing:  the  floors.  Here  we  have  a  communication  between  the  interior  of  the 
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house  and  the  sewer,  the  only  check  being  the  trap  in  the  gully,  which  may  or 
may  not  be  an  efficient  one ;  and  even  if  it  is  so  theoretically,  it  must  be  remem- 
bered that  it  will  lose  its  seal  by  evaporation,  and  that  the  water  standing  in  it 
will  absorb  the  gas  coming  from  the  drain,  and  give  it  off  into  the  house.  It  is 
a  common  thing  to  receive  an  assurance  that  all  the  drains  about  a  house  are 
properly  trapped,  the  special  faculties  of  a  trap  being  understood  by  some  people 
to  be  almost  supernatural ;  but  an  interior  trap,  however  good  in  form,  without 
external  disconnection,  can  never  be  anything  but  a  defect,  and  any  system 
which  includes  waste-pipes,  whether  trapped  internally  or  not,  which  have  a 
direct  connection  with  the  drain,  is  one  to  lie  avoided. 
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In  many  districts,  it  is  the  usual  practice  to  connect  the  rain-water  pipes 
directly  with  the  drains,  under  the  assumption,  possibly,  that  they  will  serve  as 
ventilators.  This  is  a  very  mischievous  practice,  and  cannot  be  too  strongly 
condemned  as  one  that  is  fraught  with  much  danger  to  the  public  health. 
When  the  pipe  is  most  required  as  a  ventilator, — that  is,  when  the  air  of  the 
drain  is  displaced  by  the  sudden  rush  of  the  water  caused  by  a  rainfall, — the 
air  forced  to  the  rain-water  pipes  is  met  by  the  column  of  water  descending 
from  the  eaves,  and  is  forced  out  in  another  direction.  Again,  not  only  is 
the  position  of  the  heads  of  rain-water  pipes  often  adjacent  to  windows,  so 
that  the  drain-air  readily  communicates  with  the  house,  but  by  reason  of  defec- 
tive joints,  which  are  very  common,  escape  also  takes  place  there  at  frequent 
intervals. 

These  are  amongst  the  most  common  of  the  dangers  and  defects  to  be  avoided 
in  a  drainage-system,  apart  from  those  met  with  in  the  sanitary  appliances  and 
fittings  in  the  house.  Those  arising  from  the  discharge  of  the  sewage  into  cess- 
pools will  be  found  described  in  the  section  dealing  with  "  Sewage-Disposal";  and 
the  disadvantages  caused  by  a  direct  connection  of  the  house-drain  with  the 
public  sewer,  are  dealt  with  in  the  subsequent  chapter  relating  to  "  Ventilation, 
Disconnection,  ami  Inspection". 

One  of  the  most  important  conditions  to  be  complied  with,  in  order  to  ensure 
a  healthy  habitation,  is  the  necessity  of  having  a  system  of  immediate  and  perfect 
sewage-removal,  in  order  that  the  air  and  soil  may  not  be  contaminated  with 
excreta,  nor  the  water-supply  fouled  by  either  direct  or  indirect  contact  with 
the  sewage  or  its  emanations.  Where  the  sewage  has  been  removed  from  the 
premises  and  delivered  into  the  public  sewer,  this  may  be  said  to  be  accomplished, 
as  it  is  then  the  duty  of  the  Local  Authority  to  convey  it  to  some  convenient 
spot,  where  it  can  be  dealt  with  so  as  not  to  be  a  nuisance  or  injurious  to  health. 
In  the  absence  of  any  system  of  public  sewers,  the  sewage  will  require  to  be 
disposed  of  by  one  or  other  of  the  methods  subsequently  described  in  the  section 
on  "Sewage-Disposal". 

In  order  that  these  conditions  may  be  complied  with,  and  the  drainuge- 
system  perform  its  proper  functions,  its  conception  and  design  must  be  influenced 
by  certain  essential  conditions,  and  upon  the  degree  of  perfection  with  which 
these  principles  are  carried  out  depends  the  efficiency  of  the  system.  The 
essential  conditions  necessary  to  be  observed  are : — 

1 .  /femora/  of  Sewage. — The  sewage  must  be  rapidly  removed  from  the 
building  and  its  precincts,  and  the  drains  be  "  self-cleansing  ",  so  that  there  is  no 
stagnation  or  collection  of  deposit  in  them. 
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2.  Surface  and  Subsoil   Water.— Wherever    practicable,   the    surface  and 
subsoil  water  must  be  conveyed  away  in  separate  drains. 

3.  Line  of  Drains. — All  drains  must  be  laid  in  straight  lines  from  point  to 
point,  with  true  gradient*. 

4.  Turning.— All  turning  must  be  done   in   "manholes"  or  "inspection- 
shafts",  which  must  be  placed  at  every  change  of  direction  or  gradient. 

5.  Drains  to  terminate  outside  house. — Drains  must  not  pass  to  the  inside 
of  houses,  but  end  at  an  outside  wall. 

6.  Drains  under  Houses. — Drains  must  never  pass  under  buildings  when  it 
can  possibly  be  avoided,  and  in  towns  where  drains  have  to  be  carried  through 
the  house  from  back  to  front,  special  precautions  must  be  taken. 

7.  Separation  of  Branches. — All  important  branches  must  be  independent, 
and  concentrated  in  a  turning-chamber,  and  all  branches  be  as  short  as  practi- 
cable. 

8.  Inspection-chambers. — The  drains  must  in  all  parts  be  readily  accessible 
for  the  purposes  of  examination,  testing,  and  cleansing. 

9.  Water-tightness. — The  tost  materials  must  be  used  and  skilled   labour 
employed  to  ensure  the  drains  being  water-tight,  so  as  to  avoid  pollution  of  the 
soil  and  air,  and  the  admission  of  subsoil-water. 

10.  Size. — Drains  must  not  be  larger  than  necessary  for  the  maximum  duty 
they  may  have  to  perform,  as  the  larger  the  drain  in  proportion  to  the  quantity 
of  sewage  passing  through  it,  the  less  is  the  power  of  the  sewage  to  carry  solid 
matters  along,  and  vice  versd. 

11.  Falls. — The  falls  of  drains  must,  wherever  possible,  be  sufficient  to  pro- 
duce a  self-cleansing  velocity  for  the  small  amount  of  sewage  that  is  usually 
discharged  through  them,  apart  from  rainfall. 

12.  Depths. — Excessive  and  unnecessary  depths  must  be  avoided.     Special 
means  must  be  taken  to  effect  the  change  of  levels  in  drains. 

13.  Disconnection  of  Main  Drains  or  St'icer. — The  air-communication  be- 
tween the  public  sewer  or  cesspool,  and  the  house-drain,  must  be  severed  by 
means  of  an  intercepting  trap  fixed  in  a  manhole  or  shaft. 

14.  Disconnection  of  Long  Branches. — All  exceptionally-long  branches  must, 
in  like  manner,  be  severed  from  the  main  house-drain. 

15.  Ventilation. — The  drains  must  not  terminate  in  a  dead  end,  but  be  amply 
ventilated  by  openings  so  as  to  create  an  undiminished  current  of  air  through 
them. 

16.  Inlets  to  be  trapped. — All  inlets  to  drains  must  be  properly  trapped, 
with  the  exception  of  those  used  for  the  purpose  of  ventilation. 
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17.  Wastes  to  discharge  in  die  open  air. — All  waste-pipes  from  sinks  of 
every  kind  (except  house-maul's  slop-sinks),  baths,  lavatories,  and  other  appli- 
ances from  which  foul  matter  is  discharged,  and  all  rain-water  pipes,  must 
deliver  over  gullies  placed  in  accessible  positions  and  connected  with  the  drains 
outside  the  house. 

18.  flushing. — If  the  available  full  is  not  sufficient  to  produce  a  "self- 
cleansing"  velocity  in   the  drains,  provision   must  be  made  for  regular  and 
frequent  Hushing.     When  the  discharge  of  sewage  into  drains  is  only  inter- 
mittent, and  not  sufficient  to  prevent  deposit  in  them,  an  automatic  flushing 
tank  should  be  fixed  at  the  head. 

19.  Material*. — The  material*  must  l>e  the  best  of  their  respective  kinds,  and 
where  the  local  conditions  render  it  necessary,  extra  precautions  must  be  taken 
in  the  .selection  of  them,  and  ull  appliances  of  a  special  type  should  be  tested  in 
order  to  ascertain  if  they  will  satisfactorily  perform  the  functions  required  of 
them,  and  only  those  should  IK?  selected  that  are  the  least  likely  to  get  out  of 
order  through  the  carelessness  of  a  workman,  or  the  neglect  of  those  under  whose 
care  they  are  placed. 

20.  Workmanship. — To  ensure  sound  sanitary  work,  the  best  skilled  labour 
must  IH?  employed  under  the  sujicrvision  of  a  competent  expert,  and  all  completed 
work  must  be  carefully  and  adequately  tested  l>efore  )>eiug  passed. 

These  conditions  will  apply  to  the  design  of  every  system  of  drainage,  from 
the  cottage  to  the  mansion,  in  a  greater  or  less  degree,  according  to  the  require- 
ments of  each,  dependent  upon  the  number  and  nature  of  the  sanitary  appliances 
in  use  for  carrying  off  the  foul  water,  &c.  In  the  cottage,  the  only  internal 
sanitary  appliance  is  the  kitchen  sink,  and  to  design  a  scheme  of  drainage  to 
carry  away  the  foul  water  from  this,  as  well  as  the  rain-water  from  the  roof  and 
back-yard,  is  not  a  very  difficult  matter,  so  long  as  the  cottages  are  built  singly 
or  in  pair*. 

\Vhen,  however,  we  have  to  deal  with  houses  in  rows,  certain  difficulties 
present  themselves,  difficulties  not  requiring  any  special  engineering  to  overcome, 
for  they  arise  solely  from  recent  judicial  interpretations  of  the  words  "drain" 
and  "sewer",  as  defined  by  Sec.  4  of  the  Public  Health  Act,  1875.  To  the 
ordinary  mind,  it  has  hitherto  l>een  always  understood  that  those  pipes  which 
are  within  the  premises  talonging  to  the  house,  such  as  the  yard  or  garden  and 
the  paaaage  common  to  several  houses,  whether  built  in  rows  or  otherwise,  and 
which  have  been  cleansed  and  maintained  by  the  owners,  were  drains,  a*  dis- 
tinguished from  the  sewer  in  the  adjacent  street  or  road,  which  conveys  the 
sewage  from  the  several  houses  on  either  side. 
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All  these  long-established  notions  have  been  swept  away  by  the  decision,  in 
the  Halifax  case  of  Travis  v.  Uttley  (Court  of  Appeal,  Nov.  27,  Dec.  4,  1893, 
— vide  Law  Reports,  1894,  I.  Q.  B.  D.,  p.  233);  though  there  have  been 
several  cases  since  that  date,  the  decision  remained  unchanged  until  the  summer 
of  1897,  when  in  the  Queen's  Bench  Division,  before  Justices  Cave  and  Ridley, 
the  case  of  Seal  v.  Merthyr-Tidfil  Urban  District  Council  was  heard,  when,  after 
reviewing  all  the  facts  relating  to  the  case,  Mr.  Justive  Cave,  in  summing  up, 
said,  "What  is  a  *  private  drain'  within  the  meaning  of  this  Section?  It  appears 
to  me  to  apply  to  a  drain  constructed  on  private  premises  to  which  the  public 
have  not  access.  '  Private '  is  to  be  taken  in  that  sense ;  that  is,  as  being  a  drain 
which  is  private,  and  constructed  on  private  land, — on  land  which  is  not  open  to 
the  public."  This  further  decision,  together  with  the  different  interpretation  of 
the  word  "drain"  in  the  Public  Health  Act,  1890  (which  is  an  adoptive  act), 
renders  the  whole  position  most  confusing  and  unsatisfactory. 

According  to  the  Public  Health  Act,  1875,  a  "sewer"  is  a  drain  "  into  which 
the  drainage  of  two  or  more  buildings  or  premises  occupied  by  different  persons 
is  conveyed".  Thus,  in  fig.  307,  which  represents  the 
drains  from  the  backs  of  four  houses  communicating 
with  a  9-inch  pipe,  this  pipe  is,  according  to  the 
definition,  a  "drain"  from  A  to  the  junction  of  the 
branch-drain  from  B,  while  beyond  this  ]>oint  it  is  a 
"sewer".  The  subject  will  be  further  discussed  by 
Dr.  A.  Wynter  Blyth,  who  is  a  barrister  as  well  as  a 
doctor,  in  the  Section  on  "  Sanitary  Law ",  and  for 
additional  information  reference  may  be  made  to  the 
very  excellent  paper,  read  before  the  Sanitary  Insti- 
tute, on  "Combined  Drainage",  by  J.  F.  J.  Sykes,  M.D., 
D.Sc.,  and  W.  N.  Blair,  Assoc.  M.  Inst.  C.E.  (riefe  Vol. 
XVI.,  Part  II.,  Journal  of  Sanitary  Institute,  p.  274), 
and  also  a  paper  read  by  Mr.  R.  Godfrey,  Assoc.  M.  Inst.  C.E.,  before  the  Asso- 
ciation of  Municipal  and  County  Engineers  (vide  Proceedings,  Vol.  XXL,  p.  75). 

Apart  from  the  legal  difficulties  caused  by  carrying  the  main  drain  through 
the  back-yards,  as  shown  in  the  diagram,  there  are  others,  which  may  and  do 
occur,  caused  by  what  we  may  call  economical  promptings.  Taking  again  the 
block  ABCD,  the  proper  position  for  the  main  drain  is  in  the  passage  as  shown 
by  double  lines,  the  branch  drain  from  each  sink  being  carried  through  the  yard 
belonging  to  each  house;  but  some  builders,  with  a  desire  to  save  the  cost  of 
repeating  the  portion  of  the  branch  drain  marked  x  x,  lay  the  main  in  the 
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position  shown  by  the  double  dotted  lines,  and  the  branches  passing  from  one 
yard  through  the  next  If,  at  any  time  after  the  houses  are  built,  any  one  of 
them  should  be  sold,  the  viciousness  of  this  system  of  draiu-plauning  would 
present  itself,  should  there  be  any  stoppage  in  the  drain.  Suppose  the  house  D 

to  have  been  sold  sepa- 
rately, and  that  a  stop- 
page occurs  at  the 
junction  of  the  branch 
from  c;  this  being  upon 
the  premises  of  D,  c 
has  no  right  of  entry 
to  repair,  and  should  b 
be  unwilling  to  assent 
to  such  entry,  not  only 
would  c  be  inconven- 
ienced by  the  stoppage, 
but  A  and  B  also,  who 

might  too  be  different  owners.  Such  difficulties  as  are  here  presented  are  swept 
away  by  the  Halifax  case,  so  far  as  relates  to  D  and  c,  but  if  the  decision  in  the 
Merthyr  case  is  the  correct  one,  then  they  will  remain.  It  is  an  excellent  rule 
in  all  circumstances  to  keep  the  drains  required  for  any  house  solely  within  the 
premises  t»elonging  to  that  house,  until  the  public  street  or  passage  is  reached. 

The  plans  in  Plate  XIV.  show  a  well-arranged  house  having  all  the  necessary 
sanitary  appliances,  and  it  is  our  purpose  to  design  a  system  of  drains  that  will 
carry  away  all  the  sewage,  waste-water,  and  rain-water,  not  only  in  such  a 
manner  as  will  comply  with  the  conditions  already  laid  down,  but  that  will  also 
be  economical  in  construction.  Many  systems,  while  doing  their  work  satisfac- 
torily, are  complicated  by  an  excessive  number  of  unnecessary  drains,  and  have 
been  costly  to  construct  by  reason  of  the  routes  chosen,  or  from  the  depths  at 
which  the  drains  have  l>een  laid.  In  the  designing  of  the  position  for  the 
various  sanitary  appliances,  their  concentration  should  be  aimed  at  so  as  to 
reduce  the  number  of  branch  drains  as  far  as  possible  consistent  with  efficiency. 

If  we  examine  the  basement  plan,  we  find  that  there  are  sinks  in  the  scullery 
from  which  the  wastes  will  have  to  be  carried  away;  this  will  necessitate  the 
drain  being  laid  deep  enough  to  drain  the  gully,  which  must  be  placed  in  the 
•na  at  B  to  receive  the  wastes  from  the  two  sinks.  This  should  be  a  tfushing- 
rim  grease  gully,  which  may  be  cleansed  from  a  flushing- tank  fixed  at  E.  If  we 
refer  to  the  first-floor  plan  we  shall  find  a  dressing-room  over  the  scullery,  so 
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the  waste-pipe  p  from  the  lavatory  basin  may  be  carried  down  to  feed  the 
cistern,  as  also  that  from  the  overflow  N  from  the  cistern  fixed  on  the  second 
floor.  In  the  same  area  at  A  is  a  Sykes's  gully  with  three  unions,  one  for  the 
waste  from  the  clean-water  sink  D  in  the  scullery,  another  for  the  waste  from  the 
foul-water  sink  in  the  scullery,  another  for  the  waste  from  the  Uth  at  B  on  the 
first  floor,  and  from  the  lavatory  basin  at  c  in  the  bath-room. 

The  two  branch  drains  from  A  and  E  will  join  in  manhole  No.  5,  and  from 
this  will  be  laid  a  drain  to  the  rain-water  pipe  R,  with  a  through  connection  to 
an  upcast  ventilator  at  v.  The  drain  from  the  south  side  of  the  house  will 
enter  the  intercepting  chamber  at  p1. 

On  the  west  side  of  the  house  there  are  no  waste-pipes  from  the  Itasenu-nt, 
but  there  is  the  servant's  w.c.,  and  if  we  examine  the  plans  closely  we  shall  find 
that  the  cloak-room  w.c.  and  the  w.c.  on  the  first  floor  are  immediately  over 
this,  so  that  one  soil-pipe  H  will  serve  for  the  three  closets.  At  J  is  the  waste- 
pipe  from  the  cloak-room  lavatory.  These  two  branch  drains  will  form  a 
junction  with  the  main  drain  in  manhole  No.  2,  into  which  the  branch  from  the 
rain-water  pipe  at  the  corner  K  may  be  connected. 

At  the  angle  where  the  main  drain  is  required  to  turn,  so  that  the  branch 
drains  from  the  north  side  may  be  picked  up,  a  manhole  (Xo.  3)  should  be 
formed  having  a  suitable  curved  channel.  On  this  side  of  the  house,  on  the 
ground-floor,  there  is  a  maid's  pantry,  in  which  is  a  sink  K  for  washing  china, 
glass,  silver,  &c.,  and  immediately  over  this  room  on  the  second  floor  is  a  house- 
maid's closet  with  slop-sink  L.  As  this  is  the  head  of  the  main  drain,  it  is 
desirable  that  there  should  be  a  flushing-tank  connected  with  it;  this  can  con- 
veniently l>e  done  by  dividing  the  manhole  No.  4  into  two  chamt>ers,  the  lower 
one  receiving  the  branch  drain  from  L,  and  in  the  upj>cr  fixing  a  syphon  flush- 
ing-leg, utilizing  the  waste-water  from  K  and  the  rain-water  from  R  R  for  flushing 
purposes.  The  pipe  at  L,  being  constructed  as  a  soil- pi JK?,  will  serve  as  a 
ventilator. 

The  various  sanitary  appliances  denoted  on  the  plan,  together  with  the 
methods  of  designing  and  constructing  the  drain,  and  a  consideration  of  the 
materials  to  l>e  used,  are  referred  to  in  subsequent  chapters. 

The  illustration  just  described  will  serve  for  most  types  of  houses,  modifica- 
tions being  introduced  to  suit  the  special  circumstances  met  with  in  each  case, 
provided  the  principles  are  not  departed  from.  In  the  arrangement  of  town 
houses,  and  especially  in  London,  it  is  not,  however,  always  possible  to  carry  the 
drains  entirely  outside,  as  usually  there  is  no  access  to  a  back  road,  so  that  the 
drain  must  be  carried  under  the  house  from  back  to  front.  The  best  method  of 
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doing  this  is  by  using  iron  pipes,  and  following  the  directions  as  to  ventilation 
kid  down  in  the  Model  By-laws  (see  No.  62),  but  there  are  also  other  means 
which  will  be  subsequently  pointed  out 


CHAPTER  IL 
THE  SIZE  AND  CAPACITY  OF  DRAINS. 

In  times  gt>ne  by  there  seems  to  have  been  no  rule,  beyond  the  rule  of 
thumb,  for  determining  the  size  of  house  drains,  if  one  may  judge  from  the  size 
of  those  so  often  discovered  about  old  houses,  where  it  is  not  at  all  uncommon 
to  find  a  stone  drain  4  feet  high  by  2  feet  wide,  quite  large  enough  for  a  man  to 
traverse  easily.  It  is  difficult  to  determine  why  they  should  have  been  con- 
structed so  large,  but  as  they  are  usually  open-jointed,  the  only  inference  is  that 
they  were  intended  also  to  serve  the  purpose  of  drying  the  ground  by  draining 
otf  the  subsoil- water. 

Even  in  these  days,  when  glazed  circular  stoneware  pipes  are  almost  univer- 
sally used,  it  is  far  too  common  to  find  them  much  too  large  for  the  purposes 
they  have  to  fulfil,  and  I  am  acquainted  with  districts  where  the  local  sanitary 
authorities  demand  that  a  drain  serving  two  houses  shall  t»e  at  least  9  inches  in 
diameter.  So  many  jx?ople  j>ersuade  themselves  into  the  belief  that  a  drain 
is  bound  to  get  stopjHjd  up  sooner  or  later,  and  that  by  adopting  a  large  pipe 
they  are  erring  on  the  safe  side.  If  a  pipe  is  securely  and  firmly  laid,  and  is  of 
sound  materials  and  kept  to  the  gradient,  it  will  be  as  true  inside  as  the  barrel 
of  a  rifle,  and  any  stoppage  that  may  occur  will  be  found  to  be  due  to  accidental 
circumstances;  if,  on  the  other  hand,  the  pipes  are  of  inferior  materials,  insecurely 
and  irregularly  laid,  and  also  imperfectly  jointed,  then,  of  course,  they  will 
in  a  very  short  time  become  made  up.  This  imperfect  class  of  work  is  so 
common,  that  it  is  easy  to  understand  why  there  are  so  many  upholders  of  the 
large-sized  pipes.  If,  however,  these  people  will  only  consider  that,  for  a  great 
part  of  the  day,  only  a  very  thin  stream  of  dirty  water  is  flowing  through  the 
drain,  and  that  if  it  is  spread  over  a  large  surface — as  it  must  be  in  the  larger 
pipe — there  will  be  a  retardation  of  the  flow,  consequent  on  the  increased 
friction  from  the  surface  of  the  pipe  with  which  the  stream  is  in  contact,  they 
will  sec  that  the  solids  brought  down  will  be  deposited,  and  stoppage  will  ensue. 
Again,  the  area  of  the  pipe  not  taken  up  by  the  stream  is  necessarily  filled  with 
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foul  air,  which  increases  the  difficulties  met  with  in  providing  means  of  ventila- 
tion. 

By  ascertaining  the  number  of  inhabitants  of  the  house,  care  being  taken  to 
fix  the  probable  maximum  number  so  as  to  include  visitors,  it  is  easy  to  calculate 
what  will  be  the  probable  amount  of  sewage  to  lie  conveyed  away.  It  must  t>e 
remembered  that  domestic  operation  do  not  extend  over  more  than  sixteen 
hours  of  the  day,  and  fur  long  intervals  in  that  time  no  waste-water  is  being 
discharged  from  the  house;  on  the  other  hand,  there  are  periods  when  the 
discharge  is  rapid.  Probably  the  two  hours  immediately  after  breakfast  will 
contribute  at  least  half  of  the  total  quantity  discliarged  during  the  day.  The 
most  extreme  case,  however,  will  l>e  at  the  time  the  Imtlis  are  discharged;  assum- 
ing that  45  gallons  of  water  are  used  in  the  l>ath,  then  the  waste  would  be  equal 
to  a  discharge  of  15  gallons  per  minute,  and  in  addition  there  might  from  other 
sources  be  discharged  a  further  5  gallons.  Beyond  this  domestic  sewage, 
provision  may  have  to  be  made  for  the  waste-water  from  laundries,  carriage 
washing,  the  drainage  from  stables  and  cow-houses;  the  maximum  from  these 
sources  would  be  at  the  time  when  a  pail  of  water  was  being  discharged  over 
a  carriage,  and  if  we  allow  2  gallons  for  this,  we  have  a  possible  total  of  22 
gallons  discharged  in  any  given  minute. 

We  have  also  seen  what  i«  the  possible  depth  of  rainfall  that  will  have  to  be 
carried  away  by  the  drain,  and  having  limited  the  area  as  much  as  circumstances 
will  allow,  it  is  a  very  simple  matter  to  calculate  the  maximum  quantity  per 
minute  for  which  accommodation  must  be  provided  in  the  drain.  It  must  be 
borne  in  mind  too,  that  this  excessive  quantity  of  rain  may  have  to  be  carried 
away  at  the  precise  moment  when  the  greatest  quantity  of  water  is  being  dis- 
charged from  the  house, — that  is,  when  a  bath  in  being  let  off, — so  that  these  two 
quantities  must  be  added  together  to  give  us  the  total  for  which  provision  has 
to  be  made.  Assuming  a  rainfall  equal  to  2  inches  per  hour,  this  will  give  a 
discharge  of  2*5  cubic  feet  per  minute  from  100  square  yards.  From  then 
figures,  it  is  a  simple  matter  to  calculate  the  quantity  from  any  required  area. 

The  total  maximum  quantity  of  sewage  and  rainfall  being  ascertained,  the 
size  of  drain  required  to  carry  it  away  can  be  fixed  by  determining  the  amount 
of  fall  which  is  available,  and  by  working  out  the  gradient  For  house  drains 
a  velocity  of  not  less  than  3  feet  per  second  should  l>e  obtained,  as  this  will 
serve  to  remove  easily  and  rapidly  from  the  premises  the  sewage  and  the  solids 
carried  along  with  it.  This  velocity  is  called  a  "  self-cleansing  velocity  ",  and 
has  been  fixed  upon  after  a  long  series  of  experiments  on  the  flow  of  water, 
carried  out  by  Wicksteed,  Beardmore,  and  other  well-known  hydraulicians.  In 


418  DRAINAGE. 

Beardmore's  Manual  of  Hydrology,  it  is  stated  that  the  following  velocities 
have  these  effects: — 

30  feet  per  minute  will  not  disturb  sand  with  clay  and  stone. 

40  feet  per  minute  will  sweep  along  coarse  sand. 

60        „  „  „      fine  gravel. 

120        „  „  „      rounded  pebbles. 

180        „  „  „      angular  stones. 

Bottom  velocity  (which  imparts  the  greater  motion)  differs  from  the  mean 
velocity  in  the  ratio  of  '80  to  1,  or  four-fifths.  The  greatest  discharge  from  a 
circular  pipe  is  when  it  is  not  quite  full, — that  is,  when  the  flow  occupies  rather 
more  than  fifteen-sixteenths  of  the  area  of  the  pipe, — and  the  greatest  velocity 
occurs  when  it  occupies  thirteen-sixteenths. 

The  velocity  of  the  flow  depends  upon  the  inclination  of  the  pipe,  and  what 
is  called  the  hydraulic  mean  depth,  which  is  the  cross-sectional  area  of  the  stream 
in  square  feet,  divided  by  the  wetted  perimeter  in  lineal  feet,  the  wetted  peri- 
meter l»ein<;  that  i>ortion  of  the  surface  of  the  pipe  which  is  in  contact  with  the 
stream.  For  instance,  in  fig.  301)  the  wetted  perimeter  would  be  the  length  ACB, 
and  the  sectional  area  of  that  portion  of  the  pipe  which  is 
filled  up  to  the  horizontal  line  AB,  divided  by  the  arc  ACB, 
will  give  the  hydraulic  mean  depth.  When  the  inclination 
of  a  pipe  remains  the  same,  the  greater  the  hydraulic  mean 
depth  the  greater  will  be  the  velocity.  The  friction  between 
the  particles  of  water  and  the  surface  of  the  pipe  influences 
or  Drmin.  the  velocity,  and  this  is  a  factor  which  has  not  hitherto 
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received   as   much    attention    as   its   importance  deserves. 

The  amount  of  this  friction  will  be  governed  more  or  less  by 
the  excellence  of  the  glazing,  and  freedom  from  roughness  and  obstructions  on 
the  surface,  and  also  by  the  accuracy  with  which  the  joints  are  made,  as  resis- 
tance to  the  flow  would  t>e  caused  by  one  pipe  projecting  slightly  over  the  one 
next  above  it  It  is  clear,  therefore,  that  the  better  the  finish  of  the  pipe,  and 
the  more  accurately  it  is  laid  and  jointed,  the  higher  will  be  the  velocity,  and 
consequently  the  greater  the  discharging  capacity. 

While  the  velocity  of  a  pipe  should  not  be  less  than  180  feet  per  minute,  it 
is  not  an  advantage  to  have  excessive  gradients,  especially  in  branch  drains, 
because  the  excessive  velocity  so  produced  would,  in  times  of  light  discharge  of 
wastes  from  the  house,  cause  the  liquids  in  the  sewage  to  part  from  the  solids, 
and  these  would  be  left  behind,  decomposing  in  the  pipe  until  the  stream  was 
sufficiently  strong  to  carry  them  along.  There  is  no  reason  why  steep  gradients 
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should  be  adopted,  as,  by  laying  the  pipes  in  the  manner  which  will  U»  hereafter 
pointed  out  as  necessary  to  effect  a  change  of  level,  it  is  very  simple  indeed  to 
adhere  to  the  self-cleansing  gradients.  These  may  be  very  easily  remembered 
by  means  of  Maguire's  decimal  rule.  For  4-inch,  6-inch,  and  9-inch  pipes,  the 
figure  of  the  diameter  multiplied  by  10  gives  the  gradient,  thus:— 

A  drain  4  inches  in  diameter  must  have  a  gradient  of  1  in  40. 
»      6  „  ,,  „  1  in  60. 

„      9  „  „  „  1  in  90. 

For  good  materials  and  workmanship  these  are  approximately  correct,  as  will  be 
seen  by  reference  to  Table  XXVI.,  but  when  greater  accuracy  is  important, 
resort  must  be  had  to  a  selected  formula. 

In  order  to  ascertain  the  velocity  of  the  flow  of  water  through  pipes, 
numerous  experiments  have  been  made  in  all  countries  under  all  worts  of  con- 
ditions, from  which  formulas  have  l>een  compiled  and  published,  many  of  which 
are  very  well  known  to  engineers.  That  of  Weisbach  is  the  one  used  in  the 
tables  published  by  Jlte  Surveyor,  and  almost  all  that  are  recorded  will  W 
found  in  the  little  pocket-book  issued  by  Mr.  Allwrt  Wollheim,  A.M.l.C.M, 
called  The  Sewerage  Engineers  Note-book.  For  a  long  time  jwst  the  one  mo>t 
generally  used  in  this  country  has  been  Eytelwein's,  which  has  the  merit  at  any 
rate  of  being  easily  remembered,  and  not  demanding  too  great  a  mathematical 
strain  in  its  solution,  as  will  be  readily  gathered;  it  is 


where  V  =  velocity  in  feet  per  minute, 
R  =  hydraulic  mean  depth  in  feet. 
U  =  fall  in  feet  per  mile. 
55  =  a  constant. 

A  Swiss  engineer,  Kutter,  has  introduced  a  formula  which  includes  a  co- 
efficient for  roughness,  varying  according  to  the  nature  of  the  materials  used  in 
the  channel,  and  this  has  been  somewhat  reduced  and  simplified  by  an  American 
engineer,  P.  J.  Flynn.  Mr.  Wollheim  in  his  Note-book  adopts  Chezy  and 
Eytelwein's  formula— 

v=c\/irx~s; 

where  V  =  velocity  in  feet  per  second. 

R  =.  hydraulic  mean  depth  in  feet. 

inclination  of  water  surface 
1       llope  length  of  chanlieT" 

C  =  a  co-efficient  determined  by  experiment 

The  value  of  C  \/R  will  vary  according  to  the  co-efficient  of  roughness  which  is 
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adopted,  and  for  glazed  stoneware  pipes  where  the  condition  of  the  surface  ia  fair, 
this  will  be  *013,  and  then  the  values  of  C^R  will  be— 

for  6-iuch  pipes  flowing  full,  24'60, 
for  9-inch  pipes  flowing  full,  34*00, 

and  the  value  of  <\/§  may  be  ascertained  from  the  following  table  (P.  J.  Flynn) 
according  to  the  gradient  required.  S  =  sinc  of  angle  of  inclination  =  fall  of 
water-surface  in  any  distance  divided  by  that  distance. 

TABLE  XXV. 
VALUES  OF    V«  FOR  ALL  GRADIENTS  FROM   1  IN  4  TO  1  IN  90. 


«H- 

v« 

- 

lope. 

V* 

81 

ope. 

V* 

1 

lop* 

Vi 

1  in  4 

•500000 

1 

n26 

•196116 

1  i 

n48 

•144337 

li 

in  70 

•119524 

„  5 

•447214 

27 

•192450 

i 

,  49 

•142857 

71 

•118678 

„   6 

•408248 

28 

•188982 

i 

,  50 

•141421 

72 

•117851 

„   7 

•377978 

29 

•185695 

51 

•140028 

73 

•117041 

g 

•3r»35.r>3 

30 

•182574 

52 

•138676 

74 

•116248 

•» 
„  9 

333333 

31 

•179605 

53 

•137361 

1  i 

75 

•115470 

„  10 

•316228 

32 

•176777 

54 

•136085 

76 

•114708 

»  11 

•301511 

33 

•174077 

55 

•134839 

77 

•113961 

12 

"J88675 

34 

•171499 

56 

•133630 

78 

•113228 

M  13 

•27  7350 

35 

•169031 

57 

•132453 

79 

•112509 

„  u 

•267261 

36 

•166667 

58 

•131305 

80 

•111803 

„  15 

•25M199 

37 

•164399 

59 

•130189 

81 

•111111 

.,  16 

•250000 

38 

•162221 

60 

•129100 

82 

•110431 

„  17 

•242536 

39 

•160125 

61 

•128037 

83 

•109764 

„  1s 

•235702 

40 

•158114 

62 

•127000 

84 

•109109 

„  19 

•229416 

41 

•156174 

63 

•125988 

85 

•108465 

•  •  -0 

•223607 

42 

•154303 

64 

•125000 

86 

•107833 

.,  21 

•218218 

43 

•152499 

65 

•124086 

87 

•107211 

•>o 

«  "" 

•213200 

44 

•150756 

66 

•123091 

88 

•106600 

•>1 

.,  -o 

•208514 

45 

•149071 

67 

•122169 

89 

•106000 

„  24 

•204124 

46 

•147444 

r,x 

•121268 

90 

•105409 

„  25 

•200000 

47 

•145865 

69 

•120386 

The  solution  of  Kutter's  original  formula,  or  of  the  modification  introduced  by 
Flynn,  is  rather  too  complicated  and  intricate  a  process  for  ordinary  application, 
and  the  formula  recently  devised  by  Mr.  Santo  Crimp,  M.J.C.E.,  is  much  more 
simple  for  general  use.  It  is  the  outcome  of  a  long  series  of  experiments,  and 
approximates  in  its  results  very  closely  to  Kutter's  when  the  co-efficient  of 
roughness  in  that  formula  lies  between  *012  and  '013.  Crimp's  formula  is  as 
follows:  — 

t'=124 


where  r  -  velocity  in  feet  per  second. 

r  -=  hydraulic  mean  depth  in  feet. 
«-  fall  divided  by  the  length. 


DISCHARGE  OP  WATER  THROUGH   PIPOL  421 

For  circular  pipes  running  full  or  half-full  this  is  equivalent  to— 
V  -  velocity  in  feet  per  minute. 
D  =  diameter  in  inches  -  48r. 
I  -  inclination,  or  length  divided  by  the  fall  -  1( 
Q  -  cubic  feet  discharged  per  minute  when  running  full 

ThenV-563^ 


P.C.C.  3927 


FULL 


;S.  A.  F.   -    -7864  0» 
W.  P.       -  3.14*0  O 
H.  M_  D.  -      26  0 


P.C.C.  30O2 


^  FULL 


/ 

~                  \ 

P.r.C.  1063 

^  FULL 

\                P.r.C.  988 

b  FULL                    / 

-     -66«  Df 
W  D 
2911  O 


•     «3927  D» 
4-67  O 
26  O 


In  the  Tables  and  Diagrams  for  use  in  Designing  Sewers,  by  W.  Santo  Crimp, 
M.I.C.E.,  and  C.  E.  Bruges,  A.M.I.C.E.,  will  be  found  the  velocities  of  all  sizes  of 
pipes  for  every  gradient  required,  together  with  a  table  for  calculating  their 
values,  and  the  use  of  these  tables  will  be  found  of  great  service. 

On  reference  to  Table  XXVI.,  it  will  be  nnti.-rd  that  the  hydraulic  mean 
depth  of  a  circular 
pipe  is  the  same 
when  the  pipe  is 
flowing  full  and 
half-full,  being  equal 
to  one -fourth  the 
diameter  of  t  he  pipe, 
and  that  it  is  greater 
when  flowing  three- 
quarters  full,  but,  as 
already  pointed  out, 
it  will  be  greatest 
when  the  pipe  is 
thirteen  -  sixteenths 
full. 

The  discharge  of  water  through  pipes  is  calculated  by  multiplying  the 
velocity  in  feet  per  second  by  the  sectional  area  of  the  stream,  thus— 

D  =  VxA, 
where  D  =  discharge  in  cubic  feet  per  second. 

On  p.  150  of  Slagg's  book  on  "Sanitary  Work",  figures  are  given  showing 
the  carrying  capacity  of  a  circular  sewer  when  running  full,  half-full,  two-thirds, 
and  one-third  full,  and  the  information  is  here  exhibited  in  fig.  310. 

}  c.c.  occurs  at  -61  H. 
I  c.c.  occurs  at  -5  H. 
1  c.c.  occurs  at  -39  H. 


{S.A.F.  -  • 
W.  P.  -  li 
H.M.D. - 

(S.A.F.  -   • 

—  <W.P.        -4-1 
|  H.M.D.-    .; 

(SA.F.    - 
— I  W.P.       -   i 
I  H.M.D.  -    • 


-     -229  D» 
23  O 
1802  O 


Fig.  310  -TfeU  for  CalcnUUnz  Flow  in  CircnUr  8«wcn. 
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c.»\  - ourving  capacitv .  H. -height  in  feet;  D.  =•  diameter  or  width  at  springing  in  feet;  P.C.C.  — 
proportion*)  cam- ing  capacity  (the  width,  D,  at  springing  of  the  arch  =  1  in  each  case) ;  S.A.F.  - 
national  area  of  flow  in  square  feet;  w.p. -wetted  perimeter  in  feet;  H.M.D.  =  hydraulic  mean 
depth  in  feet 

The  efficiency  of  4-inch,  6-inch,  and  9-inch  pipes  at  the  respective  gradients 
of  1  in  40,  60,  and  90,  and  at  various  depths  of  flow,  is  shown  in  Table  XXVI. 

TABLE  XXVI. 

HYDRAULIC  MEAN  DEPTH,  VELOCITY,  DISCHARGE,  &cx,  OF  4,  6,  AND 
9-INCH   CIRCULAR  DRAINS. 


Proportion  of 
SOTttooal  Area 

•SWw* 

rvpth  ID 

Inche*. 

Hectional  Area 
of  Flow 
In  square  feet 

MM  D. 
to  feet. 

V. 
In  feet  per 
minute. 

D. 
In  cubic  fret 
per  minute. 

9-inch  1 

Full 

a 

9 

6J 

•442 
•355 

•187 
•225 

2570 
291-1 

114 
103-9 

EJ 

1* 

> 

4i 

•309 
•2-21 

•216 
•187 

283-4 
257-0 

88-1 
57 

Ml                           f 

on                       5 

«j 

Ji 

•127 

•138 

210-0 

26-8 

i 

21 

086 

•109 

179-9 

15-6 

Full 

6 

•19634 

•125 

240 

47-1 

3 

4? 

•158 

•1508 

272 

42-4 

pipe* 
falling 

i 

• 
t 

35 
*f 

3 

•139 
•09817 

•1456 
•125 

265 
240 

35-4 
28-0 

in 
60 

.1 

2! 

•0573 

O931 

196 

110 

i 

s            * 

U 

•0384 

•0733 

168 

6-4 

4-inch 

Full 

4 

•0873 

•0835 

224 

19-6 

3 

3 

•0762 

•1006 

254 

17-8 

pipes 

falling 

1s« 

,| 

2} 
2 

•0618 
•0436 

•0970 
•0835 

247 
224 

15-1 
9-8 

in 
40 

| 

1? 

•0255 

•0621 

183 

4-6 

]                 * 

1 

•017 

•0489 

157 

2-7 

For  other  sizes  of  circular  drains,  the  calculations  will  be  simplified  by  the 
use  of  the  following  table  :— 

TABLE  XXVTI.1 
DATA  FOR   CALCULATING  FLOW  IN  CIRCULAR  DRAINS. 


,,v 

ATM. 

Wetted  Perimeter 

B.M.D. 

Full 

•7854  d* 

3-1416  d 

•25  d 

•632  </» 

2-095  d 

•296  d 

•556  rf* 

1-911  <* 

•292  d 

•393  d* 

1-571  d 

•25  d 

•229  d* 

l-231rf 

•186<* 

•154  <P 

lO47rf 

•147  d 

1  This  table  »  taken  from  Tke  Stwerayt  Enyi*"r'»  Katt-Boak,  by  Albert  Wollheim,  AMOC.  M.Itut.  C.E. 


UP  WATEK  THROUGH  FIFES. 


When  it  is  required  to  ascertain  the  discharge  of  a  pipe  at  any  specific  depth 
of  flow,  the  following  formula  may  be  used:— 


A  -  Sectional  area  of  flow. 
P  -  Wetted  perimeter. 
HMD-  Hydraulic  mean  depth. 


r-  radius. 
-/  -  diameter. 

v  m  ratio  between  diameter  and 
circumference,  or  1: 3'1416. 


HMD  = 


F 


- . 


Flf.  811.  -  DUcrmm  to  IlltuUmU  Trlf- 
ooometrlcU  Calrul>ll..n  of  UM  IN*- 
ch*r(c  from  •  Circular  Drain 


A  (full)  =  d*  x  *,  and  P  (full)  =  d  x 

4  c 
A  of  segment  =    '-  V(0'626:r)2  +  c2. 

(Semi-chord  c  may  l>e  found  by  right-angled  trigo- 
nometry). 

Or  A  of  .segment  =  (     —  «•— sin  <M  -. 
VI 80  /2 

Perimeter  of  segment  =  number  of  degrees  x  '017453  radius. 

Those   not  accustomed   to  the   use  of  trigonometry  may  find  the  follow- 
ing method  of  solution  of  the  problems  somewhat 

simpler:— 

K  T  =  radius  of  circle. 
N  O  T  =  chord  of  whole  arc. 
N  Q  =  chord  of  half  arc. 
OQ  =  versed  sine  (or  depth  of  flow). 
X  T  Q  =•  segment. 

From   N  K.2  subtract  OK2,  and  the  square  root     .JJ 
of  the  remainder  ON  =  $  NT. 

NQ  may  be  found  from  the  following, — NQ=  ^/ON2 
Wetted  Perimeter  NQT  =  (8NQ-NT)  +  3. 


Area  of  Segment  N  T  Q  =  f  (N  T  x  0  Q)  + 


00 
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CHAPTER     III. 

DRAIN-PIPBa 

The  chief  points  to  be  considered  in  the  selection  of  drain -pipes  are  strength, 
durability,  tightness,  smoothness,  nature  of  the  material,  shape,  and  method  of 
jointing. 

1.  Strength  of  drains. — At  first  sight  it  would  appear  as  if  there  is  no  need 
for  strength,  but  the  ground  in  which  the  drain  is  laid  may  not  be  very  solid, 
and  a  slight  sul>sidence  may  occur  and  thus  bring  a  severe  strain  upon  the 
drain;  there  is  also  the  strain  caused  by  the  superimposed  weight  of  the  material 
replaced  in  the  trench,  which  may  be  subsequently  considerably  increased  if  the 
level  of  the  surface  should  IKJ  in  any  way  altered.  Again,  there  are  certain 
districts, — such  as  in  some  colliery  districts,  where  the  workings  are  shallow  and 
subsidence  of  the  ground  is  continually  going  on,  and  in  the  brine-pumping 
districts,  as  the  neighbourhoods  of  Northwich  and  Droitwich, — where  sudden 
and  severe  strains  are  imposed  upon  the  drains,  rendering  it  extremely  difficult 
to  maintain  them  permanently  sound.  While  in  actual  working  there  may  be 
little  risk  of  the  drain  being  severely  tested,  it  does  sometimes  occur  that  an 
exceptional  stopfwge  will  cause  a  whole  pipe  to  l>e  filled  with  water  at  a  con- 
siderable pressure.  While  a  house  is  being  built,  the  drain  may  have  to  stand 
some  rough  treatment ;  or  it  may  pass  through  a  wall,  and  the  weight  or  settle- 
ment of  the  wall  may  cause  unequal  pressure.  The  material  of  which  the  drain 
is  made  should  IH?  strong  enough  to  withstand  these  various  strains. 

To  test  the  strength  of  a  drain  it  is  necessary  to  try  it  in  various  ways.  In 
order  to  ascertain  its  resistance  to  crushing,  cut  a  hole  to  receive  the  socket,  and 
bed  the  pipe  horizontally  and  evenly,  then  pack  and  fill  up  with  sand,  and 
apply  a  weight  uniformly  along  the  top.  For  resistance  to  breaking,  support 
the  pipe  on  blocks  and  apply  a  weight  at  the  centre.  For  internal  pressure, 
use  the  ordinary  hydraulic  press,  great  care  l>eing  exercised,  in  screwing  up  the 
press,  to  close  the  end  of  the  pipe  so  as  not  to  strain  or  fracture  the  material, 
and  the  pipe  must  be  set  plumb  up  and  level,  and  the  plates  travel  in  parallel 
lines;  if  very  accurate  results  are  required,  this  is  a  very  delicate  operation. 

During  the  1897  Sanitary  Congress  in  Leeds  a  visit  was  paid  to  the  works 
of  the  Leeds  Fire-clay  Company  at  Wortley;  and  at  Messrs.  William  Ingham  & 
Son's  branch,  an  ordinary  6-inch  pipe,  taken  haphazard  from  stock,  was  tested 
for  bursting,  and  did  not  collapse  until  a  pressure  of  150  Ibs.  on  the  square  inch 
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was  reached.  It  is  needless  to  My  that  such  an  extraordinary  pressure  would 
never  be  experienced  in  practice. 

The  weakest  part  of  a  pipe  is  at  the  closing  up  of  the  shoulder  of  the  socket 
to  the  barrel,  and  at  many  works  the  fOpkfftff  are  put  in  by  hand  after  the  pipes 
are  moulded;  pipes  thus  made  must  necessarily  be  weaker  than  those  made 
complete  in  one  moulding. 

Bearing  in  mind  the  strains  to  which  pipes  are  subject  in  transit  from  the 
kiln  to  the  trench,  the  proper  place  to  apply  a  test  for  strength  is  at  the  spot 
where  the  pipes  are  delivered  for  laying. 

2.  Durability. — A  drain  will  in  all  prol>ability  be  alternately  wet  and  dry,  as 
the  flow  in  it  will  be  very  variable;  it  will  also  l»e  exposed  to  extremes  of  tem- 
perature, as  the  water  may  enter  it  at  any  temperature  between  freezing  and 
boiling.     On  the  outside,  the  chemical  composition  of  the  soil  may  affect  the 
durability  of  the  drain ;  while  as  regards  the  inside,  the  effect  of  the  exceedingly- 
complex  and  ever-varying  nature  of  the  sewage  cannot  IHJ  ignored.     The  pipe 
has  also  to  resist  friction,  and  its  inside  surface  must  l>e  sufficiently  hard  to  do 
so.     The  bottom  part,  or  "  invert ",  as  it  is  technically  railed,  necessarily  has  to 
bear  the  greatest  strain  from  these  wearing  influences,  the  most  destructive  of 
which  are  the  particles  of  sand  and  grit  which  are  continuously  U*rne  along  with 
the  sewage.     In  the  case  of  large  sewers,  it  is  the  universal  practice  to  construct 
the  invert  of  harder  materials  than  the  other  [mrts  of  the  sewer,  but  in  a  house 
drain  this  is  impossible;  therefore  all  parts  of  the  interior  must  IKJ  sufficiently 
hard.      It  is  possible,  however,  to  furnish  the  interior  of  a  pij>e  with  a  hard  skin 
that  will  also  give  smoothness,  and,  in  the  case  of  iron,  one  that  will  afford  a 
protection  against  rust 

The  resistance  of  a  pipe  to  abrasion  may  l>e  tested  by  applying  a  loaded 
small  section  of  the  pipe  to  a  revolving  grindstone  kept  wet  and  clean,  the 
diameter  of  the  grindstone  and  the  number  of  revolutions  required  to  remove 
the  glazing,  or  to  wear  away  a  definite  thickness  of  the  pipe,  l»eing  recorded. 

3.  Tigrhtness. — At  one  time  little  regard  was  paid  to  the  tightness  of  a  drain, 
either  as  regards  the  material  itself  or  the  method  of  construction.     Fortunately, 
a  very  different  standard  of  efficiency  is  now  required.     Whatever  is  put  into  a 
drain  must  be  carried  off  without  any  loss  on  the  way,  in  order  that  the  subsoil 
under  and  around  the  pipe  shall  IKJ  kept  free  from  contamination;  and  one  of  the 
necessities  of  modern  sanitary  construction  is,  that  a  drain  must  also  ta  air-tight 
as  well  as  water-tight,  as  the  contents  of  a  drain  are  liable  to  decompose  and  to 
give  off  dangerous  gases. 

The  impermeability  of  a  pipe  may  be  tested  by  its  capacity  for  absorbing  water. 
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4.  Smoothness. — It  is  evident  that  any  want  of  internal  smoothness  would 
not  only  largely  increase  the  tendency  to  deposit  and  the  risk  of  actual  choking, 
hut  the  efficiency  of  the  discharging  capacity  of  the  pipe  would  be  reduced,  by 
the  roughness  of  the  surface  impeding  the  How  and  causing  the  solid  particles  in 
the  sewage  to  adhere  to  the  bottom;  it  must  not  be  forgotten  that,  even  in  house 
drains,  solid  substances  of  considerable  size  occasionally  pass  down, — such  as 
pieces  of  floor-cloth  and  scrubbing-brushes, — and  one  of  these,  lodging  against 
an  accumulation  of  deposit,  would  quickly  cause  a  complete  stoppage  of  the 
drain.     While  it  is  not  possible  to  have  the  interior  of  a  drain  as  perfect  as  the 
interior  of  a  long  glass  tul>e,  still  this  is  the  ideal  which  the  manufacturer  has 
nefore  his  mind.     Some  materials,  while  otherwise  suitable,  have  not  this  smooth 
.surface,  but  can  IK?  made  available  by  coating  them  with  some  other  substance; 
this,  however,  is  only  efficient  when  the  surface  is  so  joined  to  the  body  as  to  be 
prartii'ully  one  with  it,  and  continues  to  remain  so. 

To  produce  this  glaze  upon  a  fire-clay  or  stoneware  pipe,  it  is  usual  to  throw 
salt  into  the  kiln  during  the  firing,  so  that  when  the  pipe  is  completely  burnt, 
it  has  a  highly-glazed  surface,  which  practically  renders  the  pipe  impermeable 
except  under  extraordinarily-high  pressure,  and  enables  it  to  resist  the  action  of 
whatever  acids  arc  present  in  the  sewage,  and  also  the  abrasion  caused  by  the 
silt  and  other  Inxlies  which  find  their  way  into  drains. 

5.  Materials  for  drain-pipes. — Drain-pipes   are   most   frequently   made  of 
earthenware,  but  cast-iron  pipes  are  now  coming  into  favour,  as  they  possess 
certain  advantages. 

Earthenware  pipes  are  now  most  generally  used,  and  may  be  divided  into 
stoHftcam  and  fire-clny.  These  materials,  though  in  some  respects  different,  are 
to  a  great  extent  similar  lx>th  in  properties  and  method  of  use.  It  is  a  common 
thing  for  drain-pipes  to  be  specified  as  stoneware  without  regard  to  these  differ- 
ences, and  for  fire-clay  pipes  to  IKJ  accepted  as  stoneware;  it  is,  however,  very 
difficult  to  define  precisely  where  stoneware  ends  and  fire-clay  begins.  The  well- 
known  Lambeth  "  stoneware  "  pipes  are  made  from  clays  obtained  from  Dorset 
and  Devon,  and  their  peculiar  excellence  consists  in  the  vitreous  and  impermeable 
body  of  the  material.  It  is  more  tenacious  than  fire-clay,  so  that  an  equally 
strong  and  durable  pipe  is  obtained  with  a  thinner  crust.  The  pipes  are  conse- 
quently lighter,  which  effects  a  small  saving  in  carriage,  and  in  handling  the 
larger  pipes.  It  is  a  significant  fact  that  this  clay,  owing  to  its  power  of  resisting 
the  action  of  corrosive  liquids,  is  extensively  used  for  chemical  apparatus. 

More  frequently,  however,  drain-pipes  are  made  from  the  clays  obtained  from 
the  coal-measures,  and  known  as  the  "fire-clay  beds ".  These  vary  very  much 
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in  their  density,  porosity,  and  ductility,  all  of  which  qualities  are  severely 
tested  in  the  various  processes  of  pipe-manufacture.  The  raw  mixture  should 
be  so  prepared  and  pugged,  as  to  be  able  when  dry  and  fired  to  retain,  with 
only  a  slight  deviation,  the  shape  imparted  to  it  in  moulding.  The  most 
essential  features  to  be  obtained  in  the  finished  material  are  toughness,  tight- 
ness, impermeability,  durability,  and  strength,  and  the  clay  should  be  eo 
finely  ground  that  the  finished  pipe  shall  possess  a  perfectly  smooth  surface 
throughout,  the  crust  being  thoroughly  homogeneous  and  capable  of  resisting 
intense  heat. 

Analyses  show  that  the  composition  of  the  clays  from  which  the  stoneware 
pipes  are  made,  and  that  of  the  Wortley  clay  from  which  the  Leeds  pipe«  are 
made,  are  much  the  same,  but  the  latter  possesses  a  mechanical  condition  which 
renders  the  pipes  less  brittle. 

A  g-ood  pipe  should  be  well  burnt  throughout  its  entire  body,  straight  in 
the  barrel,  truly  cylindrical  when  cut  die-square,  highly  glased  over  the  whole 
surface;  the  interior  should  be  free  from  blisters,  clinkers,  and  other  defects,  ami 
the  pipe  should  ring  sound  when  rap(K>(l  with  a  hammer. 

It  is  customary  for  the  crust  of  stoneware  pipes  alx>vc  0  inches  in  diameter 
to  be  -^  of  the  diameter  in  thickness,  and  that  of  fire-clay  pipes  to  IK?  -fa.  The 
following  table,  containing  various  dimensions  of  pipes,  will  IK*  found  useful  for 
reference  :— 

TABLE  XXVIII. 
DIMENSION'S   OF  EARTHENWARE  DRAIN  PIPES. 


Diameter  of  pipe,  ... 

4  in. 

6  in. 

9  in. 

,,«  .  ,                      /Stoneware,  ... 

g      I 

T»  '"• 

1  1  jn 

Jin. 

Depth  of  socket,    ... 

11*      *      1    *          f          *                 l|.iMlilIl)., 

\>  eient  of  pipe,  {  V  , 

I  i  V,  ''  '•"".. 

T'JJ  ^. 
Ij  in. 

17  ll.s. 

•2\  in. 
301b«. 

iiin. 
24  in. 
591  1U. 
54lhs. 

Number  per  ton,  {  \~   , 

\    fK     lll.'llll.. 

VI  0 

88yds. 

50yds. 

25yds. 
ttfyds. 

The  use  of  cast  iron  for  the  carriage  of  water  naturally  suggests  ite  employ- 
ment for  the  conveyance  of  that  water  when  it  has  become  converted  into 
§ewage,  and  if  it  is  possible  to  make  a  joint  that  will  withstand  the  pressure 
exerted  by  the  water,  the  same  joint  will  be  effective  in  preventing  any  escape 
of  sewage  or  sewer-gas.  Cast-iron  pipes  used  for  the  purpose  of  drainage, 
although  not  requiring  to  be  so  heavy  or  strong  as  water-pipes,  should  certainly 
be  finished  in  the  same  way,  in  order  to  prevent  the  action  of  rusting  both  on 
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the  interior  and  exterior.  The  mere  mention,  in  a  specification,  of  iron  pipes 
without  stating  details  is  not  sufficient,  as  builders  would  get  very  light  ones, 
and  even  rain-water  pipes,  so  that  the  consequences  would  be  worse  than  the 
condition  of  things  it  was  sought  to  remedy.  There  must  therefore  be  rigid 
regulations  with  regard  to  size,  weight,  and  finish.  As  the  pressures  in  drains, 
even  under  accidental  circumstances,  are  not  particularly  great,  it  is  not 
necessary  to  use  very  heavy  cast-iron  pipes.  They  should  in  all  cases  be  of  the 
following  dimensions  and  weight  as  a  minimum: — 


TABLE  XXIX. 
DIMENSIONS  OF  CAST-IRON   DRAIN-POTS. 


r 


. 

9ft. 
9ft. 

y  ft. 


HUm««er 

Thlckne** 

Weight 

Depth  of  Lead. 

Weight  of  Lead 
inlb.. 

Space  in  Socket*. 

4  in. 

' 

1  cwt.  1  qr.  3  llw. 

\\  in. 

2-14 

I  '"' 

6  in. 

2  in. 

2  cwt. 

2  in. 

5-6 

I  in. 

9  in. 

I  in. 

4  cwt. 

2  in. 

lOJ 

|  in. 

Iron  i»ijH-s  must  l>e  free  from  rough  projections,  and  should  be  coated  in  some 
way  to  prevent  oxidation  from  contact  with  the  sewage.  The  composition  best 
known  ami  most  commonly  used  is  the  varnish  devised  by  the  late  Dr.  Angus 
Smith.  It  is  a  compound  of  tar,  pitch,  and  oil,  into  which  the  iron  is  dipped, 
l»oth  iron  and  solution  being  at  a  temperature  of  not  less  than  300°  F.  The 
solution  dries  into  a  hard  glossy  black  skin,  which  resists,  for  a  considerable  time 
at  any  rate,  the  ordinary  influences  to  which  pipes  are  exposed. 

Another  class  of  pipe  which  is  frequently  used  is  the  one  known  as  the  glass- 
enamelled  iron  drain-pipe.  The  skin  is  practically  like  glass,  and  of  a  clear 
yellow  or  brown  colour.  These  pipes  are  made  in  6-feet  lengths  exclusive  of 
socket,  ami  their  weights  are — for  4  in.  90  Ibs.,  and  for  6  in.  150  Ibs. 

The  use  of  cast  iron  for  pipes  permits  of  much  more  forcible  methods  being 
adopted  in  making:  the  joints,  the  plan  usually  adopted  being  to  make  a  lead 

joint  on  the  ordinary  socket  and  spigot  pipes, 
as  shown  in  fig.  313.  The  depth  of  the  sockets 
should  l>e  4  inches,  the  inner  2  inches  l>eing 
first  caulked  with  white  spun  yarn,  and  the 
outer  2  inches  then  filled  with  molten  lead, 
owe  lieing  taken  to  use  sufficient  lead  in  one  running  to  complete  each  joint. 
Bend*,  traps,  junctions,  access-holes,  and  all  the  usual  accessories  as  made  for 
stoneware  drains,  can  also  be  obtained  for  cast-iron  drains,  and  can  be  fixed  and 
jointed  without  difficulty. 


FW  Jll  —Joint  IB  Ctot-lron  Imin  pipe*. 
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6.  Shape  of  drain-pipes.  We  have  already  laid  it  down  that  pipes  must  be 
perfectly  cylindrical,  but  it  must  not  be  forgotten  that  the  era-shaped  pipe,  in 
condemnation  of  which  we  have  already  given  sound  reasons,  still  appear*  in  the 
catalogues  of  some  makers,  but  with  sockets.  Although  this  shape  of  pipe  is 
theoretically  perfect,  in  practice  it  does  not  answer  for  such  small  drains  as  are 
generally  used  for  houses. 

At  the  Sanitary  Institute  Congress  held  in  Newcastle  in  1896,  a  new  form  of 
pipe  was  introduced  by  Mr.  Plummer,  F.R.I.B.A.,  and  as  it  is  now  upon  the 
market,  it  will  be  well  to  call  attention  to  it  Mr.  Plummer  was  induced  to 
bring  out  this  design  by  reason  of  the  results  of  certain  experiments  which  he 
made  upon  G-inch  and  4-inch  drains,  connected  with  a  w.e.  having  a  2-gallon 
flush;  and  owing  to  the  amount  of  deposit  left  in  the  drain,  he  came  to  the 
conclusion  that  a 
pipe  having  a  more 
contracted  invert 
would  be  more  effi- 
cient for  the  pur- 
pose.1 The  form  of 
pipe  adopted  by 
Mr.  Plummer  is 
shown  in  fig.  314, 

.1  v  /.      ,1 

the    radios   of  the 

invert  being  1|  inches.  This  shape  follows  the  design  of  a  sewer  that  is 
very  common  in  large  towns,  especially  in  Paris,  the  invert  l>eing  the  channel 
for  the  dry-weather  flow.  While  it  has  undoubted  merits  for  exceptionally- 
large  sewers,  it  remains  to  be  seen  whether  in  practice  it  will  satisfactorily 
keep  itself  clean  in  house-drains,  owing  to  the  numerous  bulky  articles  which 
find  their  way  into  them.  It  is  claimed  by  the  proprietors  that  solid  matter 
in  the  drains  is  in  continual  contact  with  a  stronger  and  deeper  force  of 
water  than  is  the  case  with  a  circular  pipe  of  similar  diameter.  The  large 
upper  diameter  of  these  pipes  provides  for  a  sudden  flood  of  water  in  the 
drain.  The  pipes  roll  into  and  remain  in  their  correct  position,  and  are  not  top- 
heavy  or  inclined  to  fall  to  one  side,  as  in  the  case  of  the  egg-shaped  form.  The 

1  The  remits  of  them  experiment*  will  be  found  in  Volume  XVII.,  Part  IV.,  of  the  Journal  of  tke  Smnitury 
Intd'tutt,  and  it  will  be  well  to  compare  thww  with  the  torts  nude  by  a  committee  of  the  Sanitary  Institute  OB  tfw 
flushing  of  water-closets,  and  published  on  the  1st  November,  1893.  It  most  be  borne  in  Bind,  how«T«r,  that,  at 
Newcastle,  the  water-supply  is  in  the  hands  of  a  company,  who  limit  the  flash  to  water-closets  to  two  gmOooa.  Whik 
the  question  as  to  whether  two  gallons  are  sufficient  for  the  purpose  is  still  a  matter  of  opinion,  it  moat  not  be 
forgotten  that,  in  towns  where  the  water-supply  is  in  the  hands  of  the  sanitary  authorities,  the  tendency  is  to  inrrsMi 
the  flush  to  three  gallons. 
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advantages  of  strength  are  maintained  by  the  circular  form  of  socket,  and  the 
pipes  can  be  connected  with  existing  circular  pipes  and  sockets  of  fire-clay  or 
iron.  Owing  to  the  shape  of  the  pipes,  only  those  which  are  well  formed  can  be 
trulv  fitted  together,  hence  a  misformed  pipe  must  be  discarded. 

7.  The  jointing*  of  drain-pipes. — For  years  subsequent  to  the  introduction 
of  earthenware  pipes,  the  necessity  for  sound  jointing1  was  not  sufficiently 
recognized,  in  many  instances  joints  being  purposely  left  open  in  order  that  the 
subsoil  water  might  be  drained  away.  It  must  not  be  forgotten  that  drains  are 
of  necessity  laid  quite  close  to  the  house,  and  at  a  shallow  depth,  so  that  in  case 
of  leakage  the  soil  around  and  about  the  house  gradually  becomes  impregnated 
with  filth,  and  the  vitiated  air  is  drawn  into  the  house  by  the  heat  therein.  For 
this  and  other  reasons  which  have  already  been  pointed  out,  it  is  a  sanitary 
necessity  of  the  first  importance  that  the  drain  must  be  absolutely  water-tight 
and  air-tight. 

The  material  for  jointing  the  pipes  .should  in  the  first  instance  be  in  a  soft 
or  plastic  condition,  so  as  to  IKJ  easily  worked  and  made  to  completely  fill  the 
space  l>etween  the  spigot  of  one  pipe  and  the  socket  of  the  other.  The  cheapest 
material  for  jointing  pij>es  is  clay,  and  this  is  unfortunately  still  largely  used  for 
the  purpose  in  spite  of  continued  protests  by  sanitary  engineers.  So  long  ago  as 
1878.  Mr.  Baldwin  Latham  drew  attention  to  the  danger  of  using  this  material, 
as  l»eing  one  of  the  worst  that  could  be  found  for  the  purpose.  In  his  well- 
known  work  on  Sanitaiy  Engineering^  he  says: — "We  seek  the  most  impervious 
materials  wherewith  to  construct  our  sewers,  and  often  spoil  their  effect  by  the 
indifferent  manner  in  which  we  put  the  materials  together.  A  soft  yielding 
substance  like  clay  is  about  the  worst  possible  material  that  can  be  used  for 
jointing  pipes,  as  it  must  l>e  clear  that  clay  is  liable  to  get  washed  out  of  the 
joints,  both  from  the  action  of  the  water  escaping  from  the  pipe  or  the  water 
flowing  from  the  subsoil  into  the  pipe.  Apart  from  this,  a  soft  yielding  material 
when  used  for  jointing,  notwithstanding  however  perfectly  the  work  may  be 
performed,  will  lead  to  failure,  as  the  weight  of  the  earth  covering  the  pipe 
causes  the  clay  to  be  squeezed  out  of  the  lower  part  of  the  socket  of  the  pipe, 
leaving  an  aperture  in  the  upper  part  through  which  sewer  air  and  sewage  may 
escape,  or  water  and  sand  be  carried  from  the  subsoil  into  the  sewer.  These 
serious  defects  in  jointing  not  unfrequently  lead  to  the  disturbance  of  the  line  of 
pipes  and  destroy  the  regularity  of  their  bed."  Mr.  De  Courcy  Meade,  the  City 
Surveyor  of  Manchester,  in  1893,  when  he  was  the  Surveyor  of  the  Hornsey 
Load  Bond,  in  a  report  upon  "  Intercepting  Traps  and  Water-tight  Drains ", 
likewise  called  attention  to  the  dangers  arising  from  the  use  of  this  material, 
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especially  as  "cracks  will  almost  invariably  appear  in  the  clay  tilling,  as  it 
becomes  ilry  ;m<l  -In  inks' . 

The  cutting  of  socket  holes  for  the  purpose  of  giving  the  barrel  of  the  pipes 
a  continuous  rest  upon  a  firm  foundation  is  very  seldom  performed  except  under 
closest  supervision,  nor  is  the  puddle  Kami  carried  completely  round  the  pipe 
under  the  invert;  and  as  much  of  this  class  of  work  is  done  by  contract,  or  the 
lalKHir  performed  by  piece-work,  it  is  hardly  to  l>e  expected  that  drains  so  laid 
will  continue  water-tight. 

The  question  of  jointing  earthenware  pipes  has  always  been  one  presenting 
great  difficulty,  and  the  material  used  for  jointing:  is  of  great  importance.  It  is 
generally  common  lime  mortar,  or  mortar  made  of  some  more  or  less  hydraulic 
lime  or  cement.  For  any  purpose  which  implies  contact  with  water,  as  a  drain 
does,  common  lime  is  quite  unfitted.  It  is  readily  worn  away,  and  has  not  that 
closeness  of  texture  needed  to  render  it  imj)ervious  l>oth  to  water  and  gases. 
While  hydraulic  limes  are  of  course  tatter  than  common  limes,  their  use  and  the 
saving  supposed  to  be  effected  by  them  cannot  ta  weighed  with  the  advantage 
gained  by  using  cement.  Without  making  any  comparisons  between  the  relative 
merits  of  Romsin  and  Portland  cement,  it  should  ta  admitted  at  once  that  a 
joint  made  with  Portland  cement  and  sand  is  a  ri^ht  one,  subject  to  certain  con- 
ditions:— there  must  be  only  one  part  of  sand  to  4  parts  of  Portland  cement,  and 
care  must  be  taken  that  the  sand  is  free  from  dirt,  earth,  or  clay,  and  that  it  is 
sharp  but  not  coarse  in  the  grain.  As  ordinarily  made, — that  is,  with  improper 
sand  and  inferior  cement  or  lime,  and  impro|>er  proportions, — the  joint  is  quite 
as  objectionable  as  the  clay  joint,  not  onlv  from  defects  of  material,  but  also  of 
workmanship. 

We  have  already  pointed  out  that  there  is  a  space  tatween  the  spigot  and 
the  socket  of  adjacent  pipes  when  the  spigot  is  driven  home,  and  in  making:  the 
joint,  the  spigot  should  ta  properly  set  up  in  the  socket 
so  as  to  get  a  true  alignment  of  invert,  and  so  that  the 
whole  space  around  the  spigot  may  be  evenly  filled. 
Generally  speaking,  the  labourer  intrusted  with  this 
work  takes  care  to  plaster  plenty  of  cement  on  the  top 
of  the  pipe,  where  it  can  ta  seen,  but  a  close  examination 

1        1 

will  often  prove  that  the  invert  is  entirely  tare,  and  that 

the  spigot  has  not  been  set  up.     A  reference  to  fig.  315  will  show  how  pipes  are 

generally  laid,  revealing  the  spigot  in  contact  with  the  socket  at  the  invert 

Another  great  objection  to  joints  made  in  this  way  is  that  the  cement  is 
usually  applied  in  too  moist  a  condition,  and  there  taiug  nothing  to  resist  its 
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progress,  it  travels  clown  to  the  invert,  rises  up  through  the  joint,  and  there  sets 
in  a  ridge,  forming  an  obstruction  to  the  flow  of  sewage,  as  shown  in  fig.  316. 
Jointing  by  this  method  is  not  to  be  commended,  but  if  it  is  adopted  there  must 

be  rigid  insistence  upon  the  proper  setting  up  of  the 
spigot  in  the  socket,  and  true  alignment  of  the  inverts, 
and  the  pipe-layer,  should  he  fail  to  accomplish  this, 
must  withdraw  the  pipe  and  procure  one  that  will  fit 
FV.m-r*«MyDrmiD.pip»  joint:-  accurately.  Care  must  be  bestowed  upon  the  proper 

mixing  of  the  cement  so  that  it  will  set  easily  without 

displacement,  which  may  be  caused  by  blows  from  the  men  working  in  the 
trench  or  in  the  refilling  of  the  earth. 

The  pipe-layer  should  always  l>e  provided  with  the  tool  which  is  known  to 
the  men  as  "the  badgrer",  with  which  to  wipe  out  the  inside  of  the  joint  after  it 
is  run.  This  tool  may  l>e  formed  of  a  disc  of  wood  of  slightly  less  diameter  than 

the  pipe,  having  on  its  edge  ft 
narrow  slip  of  india-rubber. 
The  disc  should  be  secured  to  a 
wooden  haft  of  a  length  equal 


to  the  length  of  a  pipe  and  a 
half.     The  disc  should   lie  in 

r\g.  317.—  The  "Loco"  Drain  -badger. 

the  barrel  of  the  pipe  last  laid, 

and  the  pipe  aliout  to  l>e  laid  should  be  passed  over  the  handle  and  properly 
centred  and  set  up;  then  after  the  joint  is  made,  the  badger  should  be  pulled 
forward  across  the  joint,  from  which  it  wipes  away  any  protruding  cement  which 
has  projected  through  in  the  interstices.  Quite  recently  an  improved  badger 
has  lieen  introduced  by  Mr.  Fred  Lynde,  A.M.I.C.E.,  which  consists  of  two  discs 
formed  of  hard  wood  edged  with  india-rubber,  the  discs  connected  together  by 
a  spiral  steel  spring  which  enables  the  tool  to  be  drawn  through  tands.  This 
badger  is  illustrated  in  fig.  317. 

To  make  a  sound  cement  joint,  the  space  around  the  spigot,  after  centring 
and  setting  up  the  pipes,  should  be  filled  with  strands  of  tarred  gasket,  which 
must  lie  driven  home  to  the  rebate  of  the  socket,  the  work  being  done  with  a 
proper  caulking  tool  of  hardest  steel  cranked  for  hand  hold,  with  a  flat  face 
1  i  inches  x  -fc  inch.  The  band  of  tarred  gasket  will  prevent  any  of  the  cement 
from  passing  through  the  joint,  and,  being  impervious,  is  not  liable  to  rot 
although  in  contact  with  the  moist  cement.  To  make  the  joint  properly,  a  hole 
in  the  bottom  of  the  trench  should  be  made  in  front  of  each  socket  to  give  the 
joint-maker  room  to  work  in.  The  cement  should  form  a  fillet  projecting  beyond 
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the  socket  to  a  distance  equal  to  the  thickness  of  the  socket,  and  be  neatly 
bevelled  off  to  an  angle  of  45°.  This  joint  is  shown  in  fig.  318.  It  is  a  moat 
efficient  one,  and  requires  considerable  skill  and  care,  and  although  it  costs  more 
money  than  the  somewhat  loose  and  unsatisfactory 
method  first  described,  it  is  well  worth  the  extra 
expenditure.  The  coat  of  the  tarred  gasket  is  about 
4d.  per  pound,  and  the  weight  required  for  a  6-iiu-h 
pipe  is  4j  oz.,  and  for  a  4-inch  pij>e  2^  oz.;  the  amount 
of  cement  required  for  a  G-inch  pipe  is  2j  Ibs.,  and  for 
a  4-inch  pipe  1 J  Ibs.;  the  time  expended  by  the  pipe- 
layer  in  laying,  driving  home,  centring,  setting  up, 
caulking,  and  pointing  the  pipe,  averages  for  a  6- inch  pipe  5§  minutes,  and  for  a 
4-inch  pipe  2j  minutes.  These  times  do  not  include  any  work  al*>ut  the  trench, 
or  in  lowering  the  pipes,  which  would  of  course  l>e  common  to  all  types  of  pipes. 
Fig.  319  shows  the  "Loco"  self-centring:  joint.  It  will  be  seen  that  on  the 
socket  are  two  lugs,  c  and  D, 
on  which  the  spigot  rests,  so 

,      . 

as  to  bring  the  inverts  true  at 
the  joints.  The  lugs  prevent 
the  insertion  of  tarred  gaskin 
the  whole  way  around  the 
spigot,  and  as  there  is  no  pro- 
vision  made,  as  in  HassaU's 
joint,  for  preventing  the 
cement  from  coming  up 
through  the  joint,  a  badger 

must  always  be  drawn  through  the  pipe  for  the  purpose  of  wiping  off  the  pro- 
jecting cement. 

It  will  be  seen  that  there  are  many  difficulties  to  l>e  overcome  in  forming  * 
perfect  cement  joint.  It  is  not  surprising,  therefore,  that  considerable  attention 
has  been  given  to  this  matter;  the  patents  for  drain-pipe  joints  that  have  been 
taken  out  within  recent  years  have  been  very  numerous  indeed,  but  many  of 
these,  although  displaying  great  ingenuity,  have  failed  to  meet  with  practical 
success.  Some  of  them  have  been  found  wanting  in  important  particulars;  and 
it  is  not  necessary  to  do  more  than  just  mention  them,  such  as  those  designed 
to  afford  arrangements  to  facilitate  inspection,  including  half-socket  pipes,  chain 
and  saddles,  access-openings,  butt-joint  pipes  with  loose  collars,  ground  joints, 
tongue-and- groove  joints;  other  patents  are  for  joints  made  by  compressing 
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flexible  materials  in  the  socket,  arrangements  to  secure  firm  bedding  of  pipes, 
and  arrangements  to  secure  truth  of  invert.  The  special  joints  most  generally 
Mid  to-da v  may  be  classed  under  three  heads  i—Jirnt,  joints  based  on  Stanford's 
principle;  second,  spigot-and-socket  joints  with  provision  for  pouring-in  liquid 
cement;  thinl,  screw  joints. 

Stanford's  joint  i-  the  oldest  of  all  special  joints,  and  is  still  in  the  field.     It 
was  patented  in  1873  by  Mr.  W.  H.  C.  Stanford,  and  is  shown  in  fig.  320.    On 

the  socket  is  cast  a  ring  of 
asphalt,  and  a  similar  collar  is 
cast  on  the  spigot,  the  latter 
taing  tapered  in  order  to  admit 
of  a  small  amount  of  adjust- 
ment in  laying  the  pipes,  and 
also  a  slight  settlement  without 
injury.  In  laying  the  pipes, 
l>oth  the  ring  and  the  collar 
require  greasing  so  as  to  get  the 
joint  to  fit  more  readily,  and  to 
prevent  stripping  the  composi- 
t  ion  when  the  pipe  is  IHMIIJ;  adjusted  to  its  position.  As  the  patent  has  run  out,  any 
jx^rson  can  make  this  joint  on  ordinary  pipes,  the  composition  }>eing  formed  of  one 
jwirt  of  clean  sharp  sand,  one  part  of  I  toiled  tar,  and  one  part  and  a  half  of  sulphur. 
Messrs.  Doulton  for  some  time  have  had  a  joint  based  very  much  on  the 
same  lines,  which  has  culminated  in  the  production  of  the  joint  known  as  "the 

self-adjusting-  joint ".  and  which  is  shown  in 
fig.  321.  It  is  formed  by  the  contact  of 
two  bands  of  composition  cast  on  the  spigot 
of  one  pipe  and  in  the  socket  of  the  other 
pipe;  that  on  the  spigot  is  of  a  convex 
form,  and  therefore  admits  of  deflection  on 
the  same  principle  as  a  1ml  1- and -socket 
joint ;  the  lining  on  the  socket  is  cylindri- 
cal,— that  is,  of  the  same  diameter  throughout  its  depth,  and  partial  withdrawal 
of  the  spigot  therefore  does  not  impair  the  joint.  It  is  free  from  complication 
and  efficient,  as  very  little  depends  upon  the  workman,  the  work  to  be  done  in 
the  trench  being  reduced  to  a  minimum.  The  pipes  are  supplied  with  the  joint 
attached,  and  the  spigot  of  one  has  only  to  be  inserted  into  the  socket  of  another 
to  make  the  joint  complete. 
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The  single-lined  pipes  of  Hassall's  patent  joint  are  shown  in  fig.  322.  It  is 
somewhat  similar  to  Stanford's,  but  the  socket*  are  much  deeper.  In  making 
this  joint,  the  ring  and  collar  are  first  coated  with  a  specially-prepared  plastic 


Flf.  ttt-HuMll  •  Hlnitle  lined  Drain  pipe  Joint      A.  •  Ith  ordinary  •••ckct ;  ».  with  d»ep  •odwC 


cement  (which  is  sent  out  with  the  pipe),  and  then  the  pipes  are  pushed  home; 
only  the  joint  is  set  Hush,  plastic  cement  filling  up  the  interstices  lietween  the 
spigot  and  the  abutting  edge  of  the  socket;  the  joint  is  then  completed  by 
pointing  with  Portland-cement  mortar. 

There  are  obviously  many  advantages  in  using  special  forms  of  pipe-joint 
There  is  a  certainty  of  always  getting  a  perfectly  sound,  straight,  well-glazed, 
and  truly  cylindrical  pipe,  as  none  but  the  l»est  piju-s  are  selected  for  the  purj>ose 
of  jointing  in  a  special  form,  and  while  the  hiUiur  involved  in  this  process  of 
selection  must  necessarily  be  paid  for,  the  extra  cost  is  certainlv  recou|>ed  by 
the  excellence  of  the  pij>es.  There  is  also  the  facility  in  making  the  joints,  ami 
the  rapidity  with  which  they  can  IK?  completed  as  compared  with  caulked  joints. 

Where  running  sand  or  subsoil-water  is  likely  to  IK?  met  with  In  the  ground, 
or  where  the  drain  is  laid  close  to  a  water-course,  and  where  special  precautions 
must  be  taken  to  exclude  a  possible  percolation  of  water  through  the  joint,  and 
provided  there  is  nothing  otherwise  to  interfere  with  a  rigid  joint  being  used, 
it  will  be  found  an  advantage  to  adopt  one  of  the  other  forms  of  joints,  such  as 
the  spigot-and-socket  joint  with  provision  for  )x>uring  in  liquid  cement. 

Hassall's  patent  safety  joint  (double-lined)  can  be  used  with  ml  vantage,  as  it 
can  be  readily  and  rapidly  made  in  water;  wherever  thoroughly  reliable  work 
is  desired,  this  is  undoubtedly  the  l>est  pipe  to  use.  I  quite  coincide  with  the 
opinion  expressed  by  Mr.  H.  Percy  Boulnois,  M.I.C.E.,  late  City  Engineer, 
Liverpool,  in  his  Municipal  and  Sanitaty  Engineers  Handbook,  that  "Haa- 
sall's  pipe  is  the  best  at  present  known  to  engineers  and  surveyors".  It  will 
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be  seen  from  the  illustrations  that  there  are  two  rings  of  composition  in  the 
socket  with  a  space  of  about  lj  inches  Injtween  them,  and  that  there  are  corre- 
sponding collars  in  the  spigot  The  mode  of  making  the  joint  in  the  trench  is 
as  follows:  Lay  a  baud  of  plastic  cement,  marked  A  in  fig.  323,  a  sixteenth  of  an 
inch  in  thickness,  on  the  whole  face  of  the  composition  lining,  and  lay  another 
band,  marked  B,  in  the  groove  of  the  outer  collar  cast  round  the  spigot.  Then 
place  this  spigot  end  inside  the  socket  of  the  pipe  lined  with  plastic  cement, 
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Fig.  323.  -  HUMUS  Double-lined  Drain-pipe  Joint 

and  press  it  home  with  an  iron  bar  or  other  suitable  appliance,  until  the  end  of 
the  spigot  of  the  one  pipe,  marked  c,  abuts  against  the  inner  shoulder  within 
the  socket  of  the  other  pij>e,  marked  b.  The  two  binds  of  plastic  cement  will 
thus  l>e  compressed  as  shown  in  the  drawing  of  the  completed  joint,  leaving  an 
annular  space  or  groove  between  the  inside  of  the  socket  of  one  pipe  and  the 
outside  of  the  spigot  of  the  other  pipe.  This  annular  space  is  filled  with  a 
mixture  of  five-and-a-half  parts  of  neat  Portland  cement  and  three  parts  of 
water.  Before  pouring  this  cement  into  the  annular  groove  through  the  open- 
ing F,  a  piece  of  plastic  cement  must  ta  put  under  the  bridge  E  (which  divides 
the  two  holes  p  and  G),  to  block  up  the  space  underneath  this  bridge,  so  as  to 
compel  the  Portland  cement  to  run  in  one  direction  round  the  whole  of  the 
annular  space  until  it  appears  again  at  the  opening  o;  unless  it  does  so  appear 
the  joint  must  be  remade.  The  Portland  cement  should  l>e  poured  through  a 
funnel  placed  in  the  opening  F,  so  as  to  run  round  the  groove  under  pressure, 
and  drive  out  all  air  or  water  that  may  be  in  it  The  plastic  cement  is  supplied 
with  the  pipes.  The  Portland  cement  should  be  perfectly  free  from  lumps,  and 
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well  mixed  (but  not  until  it  ia  required  for  use),  and  should  be  well  stirred 
before  being  poured  into  the  joint. 

If  pipes  are  jointed  and  the  Portland  cement  is  not  poured  in  at  once,  the 
two  openings,  p  and  G,  should  be  covered  by  a  Hat  piece  of  clay,  BO  as  to  keep 
the  annular  space  free  from  grit,  &<•.,  until  such  time  as  it  is  filled  with  Portland 
cement. 

The  advantages  of  this  joint  are:  (1)  it  is  air-tight  and  water-tight;  (2)  the 
joints  are  the  strongest  parts  of  the  sewer;  (3)  a  true  invert  is  secured  by  the 
pipes  being  centred  properly  when  the  bituminous  bands  are  cast  on;  (4)  the 
pipes  can  be  laid  in  water;  (5)  in  consequence  of  the  joints  being  water-tight, 
the  sizes  of  the  pipes  may  l>e  reduced;  (6)  the  jointing  material  cannot  l>e 
washed  out;  (7)  the  sewage  can  l>e  passed  through  the  pijxjs  directly  they  are 
laid,  without  affecting  the  joint. 

A  pipe  designed  very  much  on  the  lines  of  HassaH's  is  Button's  patent 
44  Secure "  joint,  shown  in  fig.  .M24.  On  the  spigots  and  in  the  sockets  of  the 
pipes,  a  bituminous  material  is  cast  _____ 

by  means  of  improved  and  patented 
apparatus.  In  these  cast  rini:-. 
grooves  are  formed  in  such  a  way 
that,  when  the  spigot  of  the  pipe  is 
placed  in  the  socket,  an  annular 
groove  is  obtained,  into  which 
cement  is  run  to  seal  the  joint.  The 
cast  rings  have  true  bevelled  sur- 
faces which  allow  of  easy  fixing,  and 

when  the  groove  has  Ixsen  filled  with  cement,  a  perfect  key  is  made,  which 
renders  the  joint  not  only  strong  but  absolutely  water-tight. 

Another  well-known  pipe,  for  which  cement  is  used  in  completing  the  joint, 
is  Green's  patent  "Truinvert"  pipe,  .shown  in  fig.  325.  The  object  of  this  patent 
is  to  form  a  perfectly-level  bottom  or  invert,  to  strengthen  the  socket  at  its 
weakest  point,  and  to  make  a  triple  joint  in  a  cheap  and  effective  manner.  The 
inner  socket  is  continued  all  round  instead  <»f  INMIIJJ  semicircular  only,  and  thus 
forms  a  level  invert  whichever  side  up  the  pipe  is  fixed;  at  the  same  time  it 
strengthens  the  socket  all  round  instead  of  in  one  portion  of  the  circle  only,  and 
it  enables  a  triple  in  place  of  a  double  joint  to  be  made.  It  is  claimed  that  this 
pipe  secures  true  alignment  of  invert,  increased  strength  in  the  socket,  three  gas 
and  water-tight  connections  at  every  joint,  and  while  allowing  for  a  slight  settle- 
ment when  first  laid,  forms  an  absolutely  rigid  joint  directly  the  cement  seta. 
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The  drawings  and  descriptive  references  thereto  show  clearly  how  these  results 
are  obtained.  It  should  be  added,  however,  that  the  inner  joint  c  is  formed  by 

lining  the  socket  with  a 
small  quantity  of  special 
waterproof  cement,  sup- 
plied free  with  the  pipes. 
Ames  &  Crosta's  single- 
seal  joint  is  shown  in  fig. 
326.  In  this  joint  the 
socket  is  made  somewhat 
deeper  than  an  ordinary 
one,  and  has  a  specially- 
formed  sealing-chamWat 
the  seat,  so  constructed 
that  the  jointing  material, 
displaced  from  the  sealing 
n..3ts.-or^n."Truinv«.rti»r*i,lpiiH- Joint  chamber  by  the  spigot,  is 

A  \.  b-.lrt  fur  pouring  In  the  cement  or  composition  .  B  n.  utrniKthm*!  and  lengthened  * 

•nckrt;  or,  inner  •••ckd  and  rwt;  1 1.  chamlwr  (or  cement  or  composition;  rr,  Stanford  prCVCIltcd  frOHl  Clltd'ill" 
J  .int  In  nc»  i»*IU»n  ' 

the   pipes,  and    is  forced 

into  grooves  formed  on  the  spigot,  thus  giving  a  perfect  seal  at  the  seat  of  the 
socket.  Studs  or  rest  pieces  are  formed  midway  in  the  socket,  or  thereabouts, 
to  ensure  a  true  alignment  of  the  invert  at  the  joints;  this  true  invert  is 

ensured  without  impairing  the  efficiency 
of  the  joint,  the  rest  pieces  l>eing  entirely 
surrounded  with  jointing  material.  A 
running -in  hole  and  rising  hole  are 
formed  in  the  socket,  so  that  the  space 
1  >et ween  the  two  sealing-chambers  may 
be  grouted  with  liquid  cement.  When 
jointing  these  pipes,  the  sealing-chamber 
at  the  seat  of  the  socket  should  be  filled 
with  clay,  plastic  cement,  or  other  joint- 
ing material  to  the  dotted  lines  A,  the 
spigot  should  then  be  forced  home  into 
the  Healing-chamber,  when  the  displaced  jointing  material  will  be  forced  into 
the  jointing  space,  overlapping  the  end  of  the  spigot,  thus  forming  a  perfect  seal 
at  the  seat  of  the  socket.  A  fillet  of  the  same  material  should  be  worked  round 
the  entrance  of  the  socket,  and  the  joint  may  then  be  grouted  through  the 
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running-hole  with  liquid  cement.     If  desired,  liquid  cement  may  IK?  <li>jH-n.sed 
with,  and  the  joint  made  up  in  the  ordinary  way  with  stiff  cement  or  clay. 

The  double-seal  joint  for  water-logged  ground  (fig.  327)  ha*  the  sealing- 
chamtar  at  the  seat  of  the  socket  and  rest  pieces  to  ensure  a  true  alignment  of 
the  invert,  but  the  socket  is  extended, 
and  a  collar  is  formed  on  the  spigot 
with  a  sealing-chamber  similar  to  the 
one  at  the  seat  of  the  socket.  In 
making  the  double-seal  joint,  the  Heal- 
ing-chambers at  the  seat  of  the  socket 
and  in  the  collar  on  the  spigot  should 
be  filled  with  suitable  stiff-jointing 
material,  and  the  spigot  forced  home; 
a  perfect  seal  will  thus  }>e  formed  at 
each  end  of  the  joint.  The  cavity 
between  the  seals  can  then  be  grouted 
with  liquid  cement.  Care  should 

always  l>e  taken  to  lay  the  pipes  with  the  dart  on  the  top,  as  this  mark  will 
indicate  that  the  pipes  are  laid  in  the  correct  |M>siti»n. 

Within  the  last  few  months  Wakefield's  drain-pipe  joint  (fig.  328)  has  IK-CII 
introduced  with  the  object  of  overcoming  the  irregularity  of  invert  caused  by 
the  settlement  of  the  spigot  within 
the  socket,  the  improvement  l»eing 
effected  by  forming  two  corrugated 
ridges  in  the  socket  with  a  space 
between.  By  this  contrivance  the 
spigot  end  of  the  pipe  will  rest  on 
four  points  in  the  socket,  all  the  re- 
maining space  being  occupied  with 
Portland  cement.  The  method  of 
making  this  joint  is  as  follows: — On 
the  shoulder  of  the  socket  place  a 
band  of  mastic  clay,  then  insert  the  spigot  of  the  next  pipe,  taking  care  that  the 
corrugations  are  always  at  the  bottom,  so  as  to  be  in  position  to  receive  the 
next  pipe,  and  put  a  band  of  clay  round  the  mouth  of  the  socket  Pour  neat 
Portland  cement  grout  through  the  hole  A  till  it  appears  at  the  hole  B,  then 
leave  it  for  a  few  minutes;  in  the  interval,  other  joints  can  be  dealt  with  in  the 
same  way,  by  which  time  the  cement  first  run  will  l>e  sufficiently  set  to  receive 
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the  remainder  without  fear  of  bursting  out  the  clay  backing.  Pour  gently 
through  the  hole  c  till  the  crown  portion  of  the  joint  is  completed.  It  is 
scarcely  necessary  to  add  that  in  the  event  of  any  of  the  clay  being  squeezed 
into  the  pipe  it  must  be  carefully  raked  out.  As  an  alternative  method  of 
making  the  joint,  advantage  may  be  taken  of  the  corrugations  only,  for  truly 
inverting  the  spigot  in  the  socket,  and  the  joint  may  be  made  with  stiff  Portland 
cement  in  the  usual  manner.  The  principle  of  this  joint  is  practically  the  same 
as  that  of  the  "  Rest "  pipe,  made  alx>ut  twenty  years  ago,  but  not  now  in  the 
market 

There  are  also  a  great  many  other  special  joints,  such  as  the  Archer,  the 
Paragon,  Double  Seal,  and  others. 

Sykes's  screw  joint  has  recently  been  introduced,  and  is  of  quite  another 

form  than  those  pre- 
viously noticed,  inns- 
much  as  the  compo- 
sition is  cast  on  the 
pipes  with  a  male 
and  female  thread  to 
form  a  screw  -joint, 

Fix  M>.-8yk«'i  Patent  Drain  pipe  Joint 

and    in   making   the 

joint  a  cement  composition  is  used,  which  is  forced  into  all  the  interstices  by 
the  pressure  exerted  in  screwing  up.  Fig.  329  sufficiently  explains  the  principles 
and  method  of  making  this  joint. 

To  make  absolutely  certain  that  no  damage  shall  occur  from  a  pipe-joint 
leaking  after  a  lapse  of  years,  which  is  often  brought  al>out  by  the  pressure 
of  the  earth  musing  the  drain  to  give  way  at  the  joint,  it  has  been  sought  to 
increase  their  strength  by  encasing*  the  drains  in  concrete.  The  Model  By-laws 
which  were  introduced  by  the  Local  Government  Board  in  1877,  prescribed  that 
all  drains  should  IK?  so  constructed,  and  this  method  has  been  insisted  upon  in 
all  subsequent  by-laws,  regardless  of  the  fact  that  what  may  have  been  the  most 
effective  method  twenty  years  ago  is  not  necessarily  so  to-day.1  Surrounding 
the  pipe  with  concrete  is  both  a  clumsy  and  expensive  expedient,  as  will  easily 
be  seen,  especially  where  the  drain  has  to  pass  under  a  building;  and  one  great 
objection  to  it  is  the  difficulty  of  access  when  it  becomes  necessary  to  make  a 
connection  to  the  drain  required  by  any  extension  of  the  system.  This  method 
of  embedding  a  pipe  in  a  surround  of  6  inches  of  concrete  would  increase 

1  At  the  time  die  Model  By-laws  were  ismed,  the  only  one  of  the  special- jointed  pipes  here  described  in  existence 
WM  Stanford's,  mad  with  UM  exception  of  HUM!!'*  and  DuultotT*  DOM  of  toe  other*  were  known  even  fire  year*  ago. 
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the  cost  of  a  6-inch  drain  under  the  most  favourable  circumstances  by  at  least 
5s.  per  lineal  yard. 

Fortunately  by  the  use  of  cast-iron  we  are  enabled  not  only  to  obtain  the 
desired  strength,  but  also  all  the  advantages  that  could  be  obtained  from  an 
ideally-constructed  earthenware-pipe  drain. 


CHAPTER   IV. 
VENTILATION,  DISCONNECTION,  AND  INSPECTION. 

It  has  already  been  laid  down  that  the  air-communication  tatween  the  public 
sewer  and  the  house-drain  shall  be  severed,  and  that  the  latter  must  not  ter- 
minate in  a  dead  end,  hut  IK'  amply  ventilated  by  openings,  so  as  to  create  an 
undiminished  current  of  air  through  the  drain.  The  necessity  for  this  is  now 
admitted  by  all  sanitarians;  it  is  sometimes  urged  that,  if  the  drain  be  soundly 
constructed  upon  the  principles  laid  down  herein,  the  time  taken  up  in  the 
passage  of  the  sewage  through  the  drain  will  IK»  so  short  that  decomjxwition  can- 
not set  in,  but  this  is  an  erroneous  notion,  as,  under  the  most  favourable  con- 
ditions, it  is  impossible  altogether  to  avoid  putrefaction.  It  must  IK?  remembered 
that  the  bulk  of  the  house-sewage  is  discharged  in  eight  hours,  and  that,  for  the 
remaining  sixteen,  it  is  often  not  more  than  a  mere  dribble,  quite  insufficient  to 
keep  the  drain  clean  during  that  period,  and  it  is  then  that  sewage  gases  are 
largely  generated. 

Although  here  and  there  may  l>e  found  an  advocate  for  the  maintenance  of 
a  free  communication  between  the  house-drain  and  the  public  sewer,  there  is  a 
vast  preponderance  of  opinion  in  favour  of  disconnection.  It  is  quite  sufficient 
for  each  house  to  have  to  deal  with  the  smells  created  by  that  house  itself;  and 
it  is  in  the  power  of  householders  to  control  the  working  of  their  own  drains 
efficiently,  but  they  are  unable  to  control  faulty  construction  and  deposits  in 
public  sewers.  Town-sewage  is  a  much  more  complex  mixture  than  ordinary 
sewage,  rapidly  changing  in  its  constituents  and  temperature,  thus  constantly 
transforming  the  gases  generated.  Owing  to  these  varying  conditions,  the 
construction  and  age  of  the  sewers,  and  other  circumstances,  the  generation 
of  sewer-gases  cannot  l>e  entirely  avoided,  and  it  is  no  part  of  a  householder's 
duty  to  ventilate  the  town-sewer  by  means  of  the  house-drain,  but,  on  the  other 
hand,  it  is  his  duty  to  see  that  his  house  is  protected  against  the  influence  of 
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infectious  matter  received  into  the  common  sewers,  and  this  can  only  be  done 
by  severing  the  sewer-air  from  the  house-drain. 

There  are  people  who  allege  that  there  is  practically  no  motion  of  air  in 
house-drains  except  what  arises  from  the  disturbance  caused  by  splashing  at  the 
junction,  and  that  all  effort  at  ventilation  is  so  much  waste  energy.  Attention 
may  be  called  to  the  experiments  made  in  this  direction  by  Mr.  Richard  Hortou 
in  January  and  February,  1897,  extending  over  fifteen  days,  and  which  were 
recorded  by  him  in  a  jiaper  read  before  the  Institute  of  Sanitary  Engineers 
on  the  4th  March.  The  experiments  were  made  to  ascertain  and  compare  the 
differences  of  external  and  internal  temperature  of  a  series  of  drains,  and  to  daily 
measure  the  external  wind-currents  at  the  same  time  as  the  rate  of  air-currents 
through  the  drain;  the  relative  humidity  was  likewise  taken,  as  well  as  the 
height  of  the  Imrometer,  ami  the  state  of  the  weather.  The  first  drain  was  a 
stoneware  pi|>e  34  feet  long,  with  a  lead  soil-pipe  and  galvanized-iron  ventilat- 
ing-pipe  30  feet  high  (rising  rleur  of  the  roof);  the  gradient  of  the  drain  was  1 
in  10,  and  the  depth  of  flow  of  the  sewage  varied  from  1^  inches  to  nil.  A 
second  series  of  exj>eriment.s  was  made  on  an  iron  drain  5  inches  in  diameter 
ami  46  feet  long,  having  a  fall  of  1  in  46,  the  soil-pipe  connected  thereto  being 
4-inch  iron  rain-water  pipe.s  with  lead  branches  for  the  water-closets,  lead  anti- 
syphonage-pipes  ami  vent-pijnjs  60  feet  high;  the  depth  of  flow  varied  from  if 
inches  to  nil.  \  third  experiment  was  made  on  a  stoneware-pipe  drain,  87  feet 
long,  having  n  fall  of  1  in  40,  the  soil-pipe  being  of  lead  and  the  ventilator  90 
feet  high;  the  depth  of  flow  varied  from  1^  inches  to  £  inch.  As  a  result  of 
these  experiments  Mr.  Horton  is  of  opinion  that  our  preconceived  ideas  as  to  the 
influences  of  wind-pressure  must  t>e  modified  considerably.  Other  things  being 
etjual,  efficiency  of  drain-ventilation  varies  directly  as  the  relative  humidity  of 
the  atmosphere.  As  the  air  becomes  drier,  the  velocity  of  the  air-current  in  the 
drain  increases,  and  as  the  air  Incomes  more  nearly  saturated  with  water- vapour, 
the  current  diminishes.  Where  the  air- current  in  the  drain  does  not  vary 
exactly  with  the  relative  humidity,  the  difference  can  be  accounted  for  by  the 
influence  of  the  wind  l>eing  at  a  greater  pressure  and  from  a  drier  quarter. 
Mr.  Horton  ventures  to  place  the  different  influences  upon  drain-ventilation  in 
the  following  order  of  value: — (1)  The  relative  humidity  of  the  atmosphere, 
(2)  Materials  of  which  the  drain  is  composed,  (3)  The  wind-pressure,  (4)  The 
difference  between  internal  and  external  temperature,  (5)  Friction. 

By-law  63  of  the  Model  By-laws,  issued  by  the  Local  Government  Board, 
provides  for  drains  being  trapped  from  the  sewer.  The  method  usually  selected 
as  being  most  effective  for  the  purpose  is  the  water-trap,  its  position  being  as  far 
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from  the  building  as  practicable,  but  within  the  curtilage  thereof,  and  aa  near  as 
practicable  to  the  sewer.    By-law  65  prescribes  two  arrangements  for  the  purpose 
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Fig.  330.  -.Section  showing  Drain- vcnUUUon  wltli  outlet  «l  Bred  oC  iTmm 

of  securing  efficient  ventilation  of  the  drains,  l>oth  providing  an  uninterrupted 
passage-way  from  end  to  end,  with  free  communication  to  the  external  air.     The 
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Fig.  SSI. -Section  showing  Drain  rvnUUtion  with  Inlet  it  HMM!  of  Draia. 

clause  is  necessarily  somewhat  lengthy  and  cumlxjrsome,  owing  partly  to  the 
desirability  of  giving  two  alternative  ways  of  carrying  out  the  principle  of  the 
by-law.  By  either  of  these  ways  facilities  can  be  provided  for  a  constant 
current  of  fresh  air  through  the  entire  length  of  the  house-drain,  and  each 
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precludes  the  possibility  of  drain-air  entering  the  house.     The  diagrams  330 
and  33 1  show  the  two  methods  of  ventilation  prescribed  by  the  by-law. 

The  ventilating*  pipes  and  shafts  must  not  be  less  in  any  case  than  the  sec- 
tional area  of  the  drain  with  which  they  are  connected.  In  some  instances  the 
air-inlet  upon  the  house  side  of  the  trap  is  an  ordinary  pipe-shaft  protected  by 
a  cover.  A  chamber  or  manhole,  while  rather  more  costly,  is,  however,  of  much 
greater  value.  If  a  shaft  is  used,  special  attention  must  be  called  to  the  neces- 
sity of  its  lieing  a  clear-way  shaft,  free  from  bends  or  angles,  as  these  intercept 
a  large  percentage  of  the  volume  of  air  passing  through,  and  the  grating  or 
cover  which  is  fitted  upon  the  shaft  must  have  openings  between  the  bars  equal 
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Fig.  333.— Ham  Baker  A  Co.'i  Air-Inlet  Cover. 


in  the  aggregate  to  the  sectional  area  of  the  pipe  or  shaft.  It  is  also  provided 
in  the  by-laws  that  such  gratings  shall  be  fitted  with  appliances  for  preventing 
the  jmssage  of  dirt  or  other  substances  into  the  drains,  and  suitable  covers 
have  I  wen  designed  for  the  purpose.  One  of  these  special  covers,  which  has 
been  largely  used,  is  the  well-known  "Cregeen"  cover,  shown  in  fig.  332.  It 
can  l>e  readily  and  securely  fitted  to  the  socket  of  the  air-pipe;  the  dirt-box 
is  formed  around  the  cylinder,  none  of  the  air-openings  in  the  cover  being 
al>ove  the  mouth  of  the  pipe.  This  cover  is  made  in  two  ways;  the  one  being 
of  cast-iron  of  strong  section  for  use  in  situations  traversed  by  heavy  traffic, 
ami  the  other  having  the  dirt-lx>x  formed  of  stoneware,  the  iron-cover  being 
loose;  this  is  quite  suitable  for  situations  free  from  traffic.  Another  very  suit- 
able cover,  manufactured  by  Ham  Baker  &  Co.,  has  a  loose  dirt-box  in  the  form 
of  a  tray.  The  section  of  this  cover  is  shown  in  fig.  333. 

In  Knight's  annotated  edition  of  the  Model  By-laws  there  are  illustrations 
showing  two  methods  of  air-inlet,  the  one  in  the  street-footpath  and  the  other 
in  the  curb  of  this  footpath.  There  are  very  strong  objections  to  these  methods. 
In  the  first  place,  the  scruples  have  to  be  met  of  those  people  who  have  a  horror 
of  feeing  any  opening  connected  with  a  drain;  and  secondly,  dirt-boxes  in  such 
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a  position  are  liable  to  be  tampered  with,  and  sanitary  authorities  an  very  chary 
of  permitting  them  to  be  HO  fixed.  In  special  circumstances  like  these,  it  is  pre- 
ferable to  construct  the  air-inlet  as  shown  in  %  334,  the  air-inlet  pipe  being 
fixed  on  the  face  of  an  adjacent  wail,  or  if  necessary,  inserted  in  a  chase  formed 
in  it.  The  air-inlet  itself  should  be  out  of  reach  of  any  passers-by,  (say)  at  least 
eight  feet  high,  and  may  be  fitted  with  a  mica-flap  valve  to 
prevent  any  outru.sh  of  air. 

A  disconnecting:  chamber  or  manhole  within  the  curtilage 
of  the  premises  and  as  near  to  the  public  sewer  as  possible, 
is  infinitely  letter  than  a  .simple  air-inlet  pipe.  The  size  will 
depend  largely  upon  the  numl»er  of  branch-drains  connected 
with  it,  but  there  should  IK?  plenty  of  room  for  access  to  the 
disconnecting-trap  for  inspecting  the  drain,  and  for  cleansing 
it  whenever  required.  The  entrance-cover  may  IK?  provided 
with  an  open  grating  to  serve  as  an  air-inlet,  or  it  may  be 
found  preferable  to  use  an  air-tight  cover,  constructing  an  air- 
inlet  in  the  manner  shown  in  the  last  figure.  Fig.  335  shows 
a  section  of  a  typical  disconnecting  <-!mmlK?r.  In  the  drainage 
of  town  buildings,  especially  office  premises,  it  is  difficult  to 
provide  within  the  curtilage  a  disconnecting  chamlier,  so  that 
his  will  have  to  IM-  constructed  under  the  footway,  subject  to 

the  approval  of  the  local  sanitary 
authority,  who  will  no  doubt  not  only 
exact  a  jmyment  for  the  easement. 
but  will  also  imjKise  conditions  as  to 
the  size,  the  means  of  acce.ss,  and 
the  projection  of  the  air-inlet  duct. 
These,  of  course,  will  in  a  large  mea- 
sure be  determined  by  the  importance  of  the  thoroughfare,  the  width  of  the 
footway  and  the  amount  of  traffic  passing  over  it;  therefore,  no  hard-and-fast 
line  can  In?  laid  down,  but  it  may  serve  as  a  guide  to  illustrate  and  explain 
some  constructed  under  my  directions  a  few  yean  ago  in  Manchester  round 
one  of  the  largest  banks,  no  greater  projection  lx?ing  allowed  than  1  foot 
8  inches,  and  the  length  being  fixed  at  3  feet  6  inches.  This  size  will  just 
allow  a  man  when  kneeling  to  get  access  to  the  trap.  A  bonnet-arch  (see 
fig.  336)  was  turned  5  feet  above  the  invert,  and  a  shaft  20  inches  square  carried 
to  the  surface.  The  cover  was  an  air-tight  iron  cover,  but,  instead  of  having  a 
studded  plate,  ribs  were  cast  across,  and  it  was  filled  with  concrete  rendered 


t'. 


%3>vtf"Ti 


X/  ''^x 

Iifo.n./Jo 

1.       I 

| 

-^_ 

, 

_     1                   -A-..  

^                     1    ,- 

^..-L^ 

Fljr.  334.— Alr-lnl.-t  to  tHnin  fllwl  t..  Wall. 


;;• 


DRAINAGE. 


smooth,  so  as  to  be  similar  to  the  pavement.  No  projection  of  the  air-pipe  was 
allowed,  so  a  chase  was  cut  into  the  wall,  and  a  pipe  8  inches  by  6  inches 
inserted  and  secured  to  the  wall  by  ears  screwed  into  plugs.  The  grating  was 
8  feet  above  the  footway.  A  number  of  waste-pipes  of  all  kinds  discharge  into 
these  chambers,  and  although  to  comply  with 
the  Corporation's  conditions  was  necessarily  an 


ITj.  S3S  —Section  of  Intercepting  Chamber  with  Air-Inlet  Cover. 


Fig.  390  —Manhole  for  Towni  where  only 
•mall  ipace  It  allowed. 


expensive  piece  of  work,  the  chambers  were  satisfactory  to  nil  parties,  and  they 
have  continued  to  work  well. 

Sub-section  A  of  By-law  G5  states  that  the  second  opening  to  the  drain  shall 
be  obtained  by  carrying  up,  at  the  head  of  the  drain  if  possible,  a  ventilating* 
pipe  or  shaft  in  such  a  position  as  effectually  to  prevent  any  escape  of  foul  air 
into  the  building,  and  of  the  same  sectional  area  as  the  drain  itself.  And  Sub- 
section 4  prescribes  that  no  bends  or  angles  shall  be  used  except  where  unavoid- 
able. There  is  a  proviso  in  Sub-section  5  that  where  the  situation  of  the 
soil-pipe  from  any  water-closet  admits  of  its  being  used  as  a  ventilator,  and  all 
oth«T  things  comply  with  the  requirements  previously  referred  to,  such  soil-pii>e 
may  be  utilized  as  the  sole  drain-ventilator.  As,  however,  opinions  are  very 
strongly  divided  as  to  whether  the  soil-pipe  should  be  disconnected  at  its  foot, 
it  is  proposed  to  discuss  the  question  in  the  next  chapter.  It  will  be  noticed 
that  the  ventilating  shaft  must  l>e  of  the  same  sectional  area  as  the  drain  itself. 
This  requirement  may  by  some  people  be  regarded  as  inconvenient,  because  it 
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has  hitherto  been  the  custom  to  provide  large  drains,  such  as  9-inch  pipes,  even 
to  single  houses,  and  no  doubt  a  9-inch  pipe-shaft  at  the  side  of  a  house  would 
have  an  unsightly  appearance.  A  9-inch  drain  is,  however,  quite  unnecessary 
for  the  purpose  of  house-drainage,  and  while  a  6-inch  pipe  is  commonly  adopted, 
a  4-inch  pipe  is  often  adequate,  and  then  is  no  hardship  or  inconvenience  in 
providing  a  ventilator  for  either  of  these  sizes.  The  importance  of  having  a 
ventilating  shaft  of  the  same  size  as  the  drain  seems  to  be  very  imperfectly 
appreciated,  if  one  may  judge  from  the  provision  for  ventilation  so  frequently 
seen.  It  is  very  common  to  see  a  2-inch  pipe  leading 
off  the  T-piece  of  the  soil-pipe  and  carried  up  to  the 
eaves  of  the  roof,  while  the  soil-pipe  is  probably  con- 
nected with  a  G-inch  branch  drain  joined  to  a  9-inch 
main.  It  must  be  remembered  that  the  areas  of  circles 
increase  as  the  square  of  their  diameters.  The  sec- 
tional area  of  a  2-inch  pipe  is  3'141  square  inches, 
and  of  a  9-inch  pipe  63*617,  the  area  of  the  2-inch 
pipe  being  only  alnnit  ./„  of  the  area  of  the  9-inch  pipe, 
and  it  would  require,  therefore,  twenty  2-inch  pipes 
to  provide  sufficient  ventilation  fora  9-inch  pipe.  Fig.  337  >lm\\>  tin-  relative 
proportions  of  2-inch,  4-inch,  G-inch,  and  9-inch  pipes. 

Another  common  method  of  ventilating  drains  is  by  connection  with  the  rain- 
water pipes.     The  evils  of  this  system  have  already  been  pointed  out. 

Sub-section  4  of  the  By-law  prohibits  the  formation  of  needless  bends  and 
angles  in  ventilating  pipes.  According  to  Knight's  annotated  edition  «»f  the 
Model  By-laws,  it  has  Iwen  estimated  that  a 
single  right-angle  in  an  air-pipe  impedes  the 
passage  of  air  along  it  to  the  extent  of  about 
fifty  per  cent.  The  bends,  therefore,  which  are 
so  frequently  seen  in  ventilating-pipes,  defeat 
the  object  for  which  a  ventilator  is  provided. 

Independent  ventilating  pipes  should  l>e  of 
strong  cast-iron,  securely  jointed,  and  it  is 
desirable  to  make  provision  for  collecting  the 
rust,  which  would  greatly  diminish  the  air- 
passage,  ami  w.nil.l  very  lik.-ly  in  OOOIM  •'' 
time  completely  intercept  it.  There  are  numer- 
ous inventions  for  overcoming  this  difficulty,  and  a  very  simple  one,  designed  by 
Mr.  Fred.  Lynde,  A.M.I.C.E.,  is  shown  in  fig.  338. 
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There  is  a  great  variety  of  opinion  as  to  the  efficacy  of  cowls  fixed  on  the 
head  of  vent-pipes  to  induce  or  accelerate  the  currents  of  air.  Much  will  depend 
upon  the  position  of  the  terminal,  which,  if  under  the  shelter  of  overhanging 
walls,  will  be  influenced  by  the  rebounding  air  and  the  eddies  caused  by  such  a 
position.  It  is  very  questionable  whether  even  the  best  of  these  cowls  is  of 
any  real  value.  Mr.  Hellyer  has  made  a  number  of  most  exhaustive  tests, 

which  have  led  him  to 

v&j4H^3^23  adopt  something  to  pre- 
*v£*l^-"-lll  veut  a  down -draught, 
such  as  the  mushroom 
cap.  Where  a  cap  is  not 
used,  the  head  of  the 
ventilator  should  be  fin- 
ished with  a  galvanized 
wire  balloon, which  serves 
to  prevent  access  by 
birds. 

It  is  not  necessary  to  form  the  manholes  for  house-drains  so  large  as  those 
made  on  public  sewers,  but  they  should  be  always  sufficiently  large  to  enable  a 
workman  to  turn  round  freely,  with  whatever  tools  he  may  require  in  clearing 

away  accumulations,  &c.      Where  manholes  are 

required  on  drains  sufficiently  shallow  that  a 
man  lying  on  the  surface  can  get  access  to  the 
drain,  3  feet  x  2  feet  3  inches  will  be  large 
enough,  but  where  drains  are  deeper,  it  is  advis- 
able not  to  have  them  less  than  4  feet  6  inches  x 
2  feet  3  inches,  as  sometimes  two  men  may  be 
occupied  in  the  manhole.  Manholes  of  rectangu- 
lar shape  are  sufficiently  strong,  and  are  more 
readily  constructed  than  circular  ones.  Figs.  339 
and  340  show  plan  and  sections  of  ordinary  man- 
holes. Of  course,  the  shape  must  l>e  altered  to 
meet  special  circumstances,  as  at  bends  and  junc- 
tions in  drains;  and  where  a  numWr  of  branches  are  formed  in  the  bottom  of  the 
manhole,  the  length  must  protwbly  be  increased.  It  is  not  necessary  to  carry 
the  manhole  of  the  full  dimensions  up  to  the  surface  of  the  ground,  where  the 
depth  exceeds  8  feet  In  these  cases  a  chamber  should  lie  formed  at  one  end 
of  the  manhole  by  turning  an  arch  from  side  to  side,  or  by  covering  it  with 
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a  strong  stone  "  lauding ",  and  carrying  a  shaft  at  the  other  end  of  the  man- 
hole up  to  the  surface  to  afford  access.  This  shaft  should  be  of  the  same 
dimensions  as  the  clear  opening  of  the  entrance  cover  The  height  of  the 
chamber,  from  the  invert  to  the  soffit  of  the  arch  or  under  side  of  the  landing, 
should  be  at  least  6  feet,  so  as  to  allow  the  man  working  in  the  manhole  to 
stand  erect. 

The  bottoms  of  manholes  should  always  be  formed  of  concrete,  properly  pre- 
pared and  laid  to  the  shajKj  of  the  invert,  which  should  be  accurately  moulded 
to  receive  the  channel.  This  channel  should  be  formed  of  highly-glazed  ware, 
and  may  l>e  either  socketed  or  butt-jointed.  There  are  various  ways  of  finishing 
the  remainder  of  the  l>ottoni  of  the  manhole;  sometimes  cement  rendering  is 


Fig.  341  —Border's  Glazed  Fire-clay  Manhole-bottom. 


Fig.  04 J  -furred  tilaaed  Fire  cUy  fha&DcU  fur  Manhole*. 


used,  others  prefer  salt-glazed  or  blue  Staffordshire  bricks,  and  recently  man- 
hole bottoms  have  been  made  entirely  in  one  piece  of  highly-glazed  fire-clay. 
This  forms  an  excellent  and  clean  l>ottom.  and  is  known  as  Border's  pattern;  it 
is  shown  in  fig.  341. 

Drains  must  be  laid  in  perfectly-straight  lines  from  wall  to  wall  of  manhole, 
all  bends  being  made  in  the  manholes.  Suitably-radiated  channels,  such  a«  are 
shown  in  fig.  342,  are  made  for  this  puqiose.  Branch-drains  should,  wherever 
practicable,  be  connected  in  the  manhole,  and  should  l>e  joined  to  the  invert- 
channel  by  properly  curved  pieces.  These  are  made  in  a  variety  of  forms. 
The  channel-bends  of  Mr.  Winser  (fig.  343)  have  an  overhang  on  the  outer  side 
to  prevent  the  escape  of  sewage  on  to  the  floor  of  the  manhole,  and  the  branches 
are  higher  than  the  central  channel.  "Wyvurst"  channel -bends,  with  loose 
domed  pieces,  as  shown  in  fig.  344,  are  also  very  useful. 
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A  change  of  level  in  a  drain  can  be  most  conveniently  effected  at  the  manhole. 
It  is  very  objectionable  to  connect  the  drain  from  the  higher  level  directly  with 
the  manhole,  as  the  splashing  leaves  portions  of  the  solids  on  the  floor  and 

sides,  and  this  of  course  renders  it 
impossible  to  utilize  the  manhole  for 
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FUr  843  —  Wlnt«r'§  rhannel-beiuU. 

insertion  purposes.  The  proper  way  is  to  place  on  the  drain,  immediately 
ln-lnii'l  the  manhole  wall,  a  right-angled  junction  with  the  junction  downwards, 
and  in  the  same  wall  at  the  invert  level  to  place  a  bend,  and  to  connect  this 
liend  and  junction  by  means  of  a  pipe-shaft,  securely  surrounded  with  concrete. 

For  inspection  purposes,  the  pipe 
l>eyond  the  right-angled  junction 
an  be  built  into  the  wall  of  the 
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manhole,  and  fitted  with  a  stopper,  which  can  be  removed  whenever  inspection 
w  required.  A  very  secure  clip  for  holding  the  stopper  in  position  is  made  by 
Doulton  &  Co.,  and  is  shown  in  fig.  345.  This  method  of  bringing  about  the 
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change  of  level  in  drains  is  shown  by  dotted  lines  in  the  longitudinal  section 
of  the  manhole  in  fig.  339. 

The  walls  of  manholes  should  be  built  of  brickwork,  and  as  there  is  necessarily 
a  great  deal  of  moisture  in  manholes,  the  facing-bricks  should  be  as  hard  and 
impervious  as  possible.  In  many  districts  the  ordinary  common  brick  is  not 
suitable  for  use  in  facing;  some  people  therefore  run  to  the  other  extreme,  and 
use  best  white -glazed  bricks.  This  is  an  extravagance,  as  they  possess  no 
solid  advantages  over  the  much  cheaper  wire-cut  brindle,  or  common  brown 
salt-glazed  bricks.  The  mortar  should  be  made  from 
Portland  cement  or  hydraulic  lime,  and  all  the  brick- 
should  be  bedded  as  closely  as  possible,  no  joint  to 
exceed  J  inch  in  thickness.  All  arches  should  be  formed 
of  purpose-made  bricks  of  the  proper  radius. 

For  the  purpose  of  access  to  the  drain  from  the  sur- 
face, step-irons  should  be  built  in  the  brick-work  at 
suitable  intervals,  say,  every  fourth  course.  Steps 
made  from  cast-iron  are  not  to  be  commended,  as  they 
are  frequently  broken  by  the  accidental  dropping  of  heavy  objects  when  the 
cover  is  open.  Wrought-iron  steps  are  the  most  serviceable.  These  should  lx» 
of  inch  round  wrought-iron,  formed  to  project  aluut  4  inches  into  the  manhole, 
and  about  9  inches  wide,  and  should  l>e  well  coated  with  hot  tar  as  soon  as  they 
are  made. 

The  best  stone  for  manhole-covers  and  landing's  is  that  known  as  York 
paving,  which  is  obtained  from  the  district  of  Brighouse  in  Yorkshire;  a  similar 
kind  of  stone  is  also  obtained 
from  the  other  side  of  the  hills 
in  the  Rossendale  district  of 
Lancashire.  Where  the  man- 
holes are  in  such  a  situation  as 
likely  to  be  traversed  by  heavy 
loads,  the  covers  should  be  of 
"landings"  6  inches  thick;  in 
other  situations  they  should  be 
selected  from  4-inch  flags.  They  should  be  holed  at  least  20  inches  in  diameter, 
or  of  other  sizes  to  coincide  with  the  opening  of  the  entrance  cover. 

The  cast-Iron  manhole-covers  are  made  in  an  endless  variety  of  patterns,  and 
may  be  divided  into  two  classes,  one  being  the  open  ventilating  cover,  and  the 
other  the  air-tight  cover,  both  being  cast  in  heavy  and  light  patterns.  If  the 
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open  cover  is  fixed  in  a  situation  likely  to  be  traversed  by  heavy  traffic,  such 
as  coal-carts,  Ac.,  a  strong  pattern  should  be  used,  and  fitted  with  a  galvanized- 

iron  dirt-box ;  the  light 
patterns  can  only  be  used 
in  situations  entirely  free 
from  traffic.  The  closed 
covers  may  be  used  where 
air-inlets  are  not  required, 
a  light-hinged  cover  being 
suitable  for  the  purpose, 
except  close  to  buildings, 


^47  —AduM'i  Atr-ttffct  Mtnbole-corer  to  receive  Concrete  Filling.  > 


when  the  chambers  should 
always  be  protected  by  what 
are  known  as  "air-ti«rht  covers"  (figs.  346  and  347).  These  are  generally 
made  by  having  a  strip  of  india-rubber  in  the  frame,  into  which  the  cover 

presses  when  closed.  In- 
stead of  india-rubber,  a 
groove  in  the  frame  is 
sometimes  filled  with  sand 
or  with  oil,  glycerine,  or 
soft  soap,  and  in  addition 
the  cover  is  screwed  down 
into  the  frame.  Where 
extra  precautions  are  neces- 


Flg.  M&  -Section  of  Jone»  «  Air-tight  Doable-*e*l  Mmiihole-cover. 


sary,  a  "double-seal  cover"  may  be  used,  as  shown  in  fig.  348. 

It  is  desirable  to  have  access  to  all  drains  about  every  80  yards  but  while 


1%.  S49  -Plant  and  Section  of  "  TTOD  -  Inspection-eye  (or  Bend. 

manholes  should  be  built  at  every  change  of  direction  and  gradient,  it  is  not 
uy  to  place  them  upon  long  straight  lines,  except  alternately  with  lamp- 

1  A  aoowwhat  ftimilar  oorer  ia  made  to  receive  a  stone  slab. 


LAMP-HOLE*!.  ;      ; 

holes.     The  lamp-hole  is  simply  a  plain  pipe-shaft,  carried  up  to  the  surface, 

but  to  make  a  satisfactory  piece  of  work,  this  shaft  should  be  surrounded  with  u 

collar  of  concrete,  so  as  to  ensure  a  solid  bearing 

for  the  stone  cover,  upon  which  the  cast-iron 

ventilating  cover  is  to  rest.     Where  the  drains 

are  shallow,  great  expense   may  be  saved,  if, 

instead  of  constructing  manholes  at  the  turns, 

the   "'  Tron "   inspection-eyes  are   used.      Kg. 

349   shows  plans  and  section  of  one  of  these 

bends;  the  circular  socketed  eye-piece  may  be 

either  15  inches  or  18  inches  in  diameter.   When 

required  to  be  brought  to  the  surface,  a  straight 

length  of  pipe  is  jointed  on,  and  the  lamp-hole 

cover  fixed  in  the  usual   way.     Not  only  are       T*.  no -***<*••  tnm- 

,  .  J  four  wajr  Junction. 

these  eye-pieces  made  to  various  curves,  but 

they  are  also  made  with  right  and  left  oblique  junctions,  double-junctions, 
T-junctions,  and  Y-pieces.  A  four-way  junction  with  eye-piece  is  shown  in 
fig.  350.  They  can  also  be  fitted  with  Stanford's  or  any  other  special  form  of 
joint  if  required. 


CHAPTER  V. 
THE  TRAPPING  OF  DRAIN-INLETS. 

The  last  paragraph  of  By-law  62  provides  that  every  inlet  to  a  drain, 
not  being  an  inlet  for  the  ventilation  of  the  drain,  shall  be  properly  trapped. 
By-law  66  specifies  the  particular  way  in  which  the  various  waste-pipes  from 
the  sanitary  appliances  within  the  building,  including  soil-pipes,  shall  be  dealt 
with  before  communicating  with  the  drain.  It  is  our  purpose  in  this  chapter 
to  deal  with  the  whole  of  these  pipes  seriatim. 

The  last  paragraph  of  By-law  62  implies  that  even  rain-water  pipes  shall  be 
disconnected  before  communicating  with  the  drain.  For  many  years  it  has  been 
the  custom  in  many  northern  towns,  notably  in  Manchester  and  Leeds,  to  have 
direct  communication  between  the  rain-water  pipes  and  the  sewers.  The  evils 
and  disadvantages  of  this  system  have  already  been  pointed  out,  and  as  it  is 
clear  that  the  rain-water  pipes  should  discharge  into  a  properly  trapped 


DRAINAGE. 


apparatus,  it  is  necessary  to  consider  which  is  the  most  suitable  for  the  purpose. 
Where  a  rain-water  pipe  discharges  in  a  garden,  or  a  yard  not  affected  by  traffic, 
an  ordinary  self-cleansing  gully  will  meet  all  requirements.  Some  of  these  are 


Ftg  SM.-Oltiri  Rain  wnt«r  Intercepting  liulljr 
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specially  made  with  an  inlet  l>eiid  to  receive  the  rain-water  pipe,  as  shown  in 
fig.  351.  Fig.  352  shows  Hellyer's  well-known  rain-water  "shoe".  This  is 
made  without  u  trap,  and  unless  the  branch-drain  has  an  interceptor  before  being 

connected  to  the  main-drain, 
a  P  or  S  trap  should  be  fixed 
at  c.  In  the  streets  of  towns, 
a  stronger  gully  is  required, 
and  one  that  will  take  up 
little  space,  and,  when  set, 
will  be  flush  with  the  sur- 
rounding pavement  and  free 
from  projections.  Cast-iron 
is  the  only  suitable  material 
for  this  type  of  gully.  Fig. 
353  shows  a  rain-water  dis- 
connecting gully  designed  by 
me,  which  will  be  found  to 
meet  all  these  requirements. 
The  gully  is  divided  into 
two  compartments  by  a  mid- 
feather,  the  rain-water  pipe 
being  connected  to  an  union 
E,  which  may  be  either  square  or  round  as  required,  and  which  leads  to  the 
water-compartment  of  the  trap.  One  half  the  cover  is  solid,  and  lies  over  the 
water-compartment;  the  other  half  has  ventilating  openings,  and  any  dirt  which 
panes  through  is  deposited  in  the  dirt-compartment  beneath.  The  size  of  this 
gully  is  only  10  inches  by  6  inches,  so  that  if  the  rain-water  pipe  is  recessed 
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in  the  wall  it  takes  up  little  space.     In  periods  of  dry  weather  rain-water  gullies 

should  be  frequently  inspected  to 

see  if  the  seal  has  been  lost  by 

evaporation,  and  they  should  be 

replenished   with   fresh  water  as 

often  as  required. 

The  first  paragraph  of  By-law 
GG  prohibits  any  drain-inlets  within  buildings,  except  inlets  from  water-closets; 
the  object  of  this  clause  is  to  effectually 
prevent  the  passage  of  drain-air  into 
buildings.  The  mere  fixing  of  a  gully- 
trap  in  a  cellar  floor  which  requires  to  l>e 
drained,  is  no  effectual  protection  against 
the  inroad  of  sewer-gas  into  the  house. 
In  the  first  place,  the  water-trap  in  the 
gully  may  lose  its  effectiveness  through 
evaporation.  Many  of  these  gullies  have 
very  little  depth  of  seal,  and  when  the 
seal  has  vanished,  the  foul  air  from  the 
sewer  or  drain  passes  freely  into  the 
house,  as  shown  in  fig.  354.  In  addition 
to  this,  it  is  now  well  established  that 
water  standing  in  a  trap  will  absorb 
sewer-gas,  and  give  it  off  inside  the 
house.  Mr.  Joseph  Parry,  M.Inst.C.E., 
the  water-engineer  of  Liverpool,  in  his 
book  on  "Water",  page  129,  gives  the 
following  results  of  some  experiments  on 
this  subject: — 

"(1)  Tliat  sewer-gases  will  pass 
through  water.  Some  interesting  ex- 
periments on  the  passage  of  gases 
through  traps  were  made  a  few  years 
ago  by  Dr.  A.  Fergus  of  Glasgow.  At 
the  outlet-end  of  a  trap  (a  bent  tube), 

he  placed  a  small  vessel  containing  the     ^^_^mAMlMVtla^^^ 
test   solutions,  at   the   bottom   of    the 
S-trap,  and  test-papers  at  the  top  of  the  S-trap;  the  test-papere  were  suspended. 
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He  found  that  ammonia  passed  through  the  water  in  from  fifteen  to  thirty 
minutes,  sulphurous  acid  in  an  hour,  sulphuretted  hydrogen  in  three  to  four 
hours,  chlorine  in  four  hours,  carbonic  acid  in  three  hours. 

(2)  That  traps  may  be  emptied  by  evaporation.  If  traps  are  placed  where 
the  water  is  not  frequently  renewed,  or  if  a  house  is  long  unoccupied,  danger 
may  arise  from  this  cause." 

All  drains  should  terminate  outside  the  building-,  and  in  cases  where  it  is 
necessary  to  carry  off  waste  water  from  basements  or  cellars, — such  as  where 
they  are  used  for  washing  purposes  or  as  stillages  for  public- houses,  &c. — special 
means  must  be  taken  to  convey  the  waste  water  to  the  outside  of  the  house, 
and  the  gully-trap  must  be  placed  within  an  area  deep  enough  to  receive  this 
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Flf  36&— Disconnection  of  Cellar-drain  by  means  of  a  Trap  and  Air-shaft. 

water,  as  shown  in  fig.  355.  In  the  case  of  existing  cellars  already  drained,  as 
shown  in  fig.  354,  it  would  be  expensive  to  disconnect  them  in  the  manner 
shown  in  fig.  355,  but  the  same  purpose  may  be  effected  by  inserting  an  inter- 
cepting trap,  and  carrying  up  the  air-inlet  to  the  surface,  as  shown  in  fig.  356. 
It  is  particularly  important  that  there  should  be  no  connection  from  the  drain, 
even  when  a  gully-trap  is  provided,  to  any  larder  or  cellar  in  which  food  or  milk 
is  to  be  kept;  the  provision  of  a  gully  for  carrying  off  water  used  in  washing 
the  floor  is  entirely  unnecessary,  as  cellars  can  be  effectually  cleansed  by  the 
proper  use  of  a  mop. 

In  certain  cases  subsoil-water  finds  its  way  through  the  walls  or  floors  into 
cellars.  The  insertion  of  a  gully  in  the  cellar  floor  for  carrying  off  such  water 
is  certainly  not  a  sanitary  method.  This  purpose  should  be  accomplished  by  a 
proper  system  of  suWil-drains  outside  the  building. 

There  are  many  districts  where,  by  reason  of  their  contiguity  to  tidal  rivers, 
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or  through  being  situated  in  areas  which  are  liable  to  sudden  and  rapid  flooding*. 

the  basements  become  submerged.     To  meet  these  difficulties,  special  appliances 

must  be  used  for  keeping  out  the  back-water  which  such  sudden  rises  will  cause 

in  the  main  sewer.    Where 

the    branch-drain    is   con- 
nected  to   a  brick  sewer, 

the  junction-block  should 

be  fitted  with  a  galvanized- 

iron   flap -valve,   hung    to 

swing  freely  and  to  close  truly.     To  get  this  most  accurately,  a  cast-iron  ring 

should  be  shrunk  into  the  block,  having  its  outer  face  ground;  and  the  face  of  the 

meeting  portion  of  the  valve  should  also  be  ground.     The  shape  of  these  valves 

is  shown  in  fig.  357.     Another 

form  of  valve  made  to  secure 

effectual  closing  is  the  balance- 
valve,  shown  in  fig.  358.    This 

is  hung  inclining    inwards  to 

the  branch,  and  is  kept  in  that 

position  by  the  counterpoised 

balance -weight.       The    small 

amount    of    water     trickling 

down  a  cellar  drain  at  ordinary 

times  may  hardly  be  sufficient  to  keep  the  valve  open,  hence  a  stoppage  with 

accumulation  of  deposit  may  take  place. 

In  the  case  of  areas  like  that  shown  in  fig.  355,  and  situated  in  the  front 
of  the  house,  nothing  could 
IM-  l>etter  than  Couzens's  ffully- 
trap  for  preventing  back- 
water, two  forms  of  which  are 
and 


Fig.  848.— View  and  Section  of  Balance  rUp-ralr 


•jiven   in  ngs.  359  and  360. 

The    action    in  each   case    is 

automatic.   Any  back  pressure 

of  water  in  the  trap  shown  in 

fig.  359  raises  the  copper  ball 

against  an  india-rubber  seat- 
ing, thus  making  an  effectual  seal;  and  should  the  water  evaporate,  as  is  some- 
times  the  case  in  dry  weather,  the  ball  lowers  on  to  the  bottom  seating,  and 
prevents  the  rising  of  sewer-gas,  provided  that  the  ball  fits  perfectly. 


Fig.  360.-80cUon  of  OoaieM'iOully- 
trmp  with  Copper  Ball  for  preventing 
Back-water. 
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trap  shown  in  fig.  360  there  is  a  door  with  a  weighted  lever,  which  allows  the 
water  to  pass  through  into  the  gully,  and  closes  automatically,  thus  preventing 
the  back  flow  of  water,  and  the  rising  of  sewer-gas. 

In  cases  where  the  whole  of  the  drainage  system  is  below  flood  or  tide  level, 
and  therefore  subject  to  back- water,  Dyer's  valve  can  be  advantageously  used, 

and  may  be  fixed  immediately  below  the  inter- 
cepting trap.  Access  may  be  had  to  it  by  length- 
ening the  manhole  and  forming  a  small  additional 
chamber.  The  valve  can  be  arranged  for  any 
desired  fall  or  for  a  dead  level.  Fig.  361  shows 
one  of  these  valves  fixed  in  a  chamber,  one  side 
of  the  valve  being  partly  removed  to  show  the 
suspended  ball.  The  tide  or  flood  when  flowing 
up  the  drain  enters  the  out-go  branch,  and  floats 
the  ball,  which,  as  the  water  rises,  approaches  the 

inlet,  and  finally  Ixnls  itself  upon  the  seating,  thus  effectually  closing  the  orifice 
and  preventing  the  water  entering  the  building.  Consequent  upon  this  action, 
the  greater  the  amount  of  water-pressure  there  is  behind,  the  more  completely 
sealed  the  trap  becomes.  By  reason  of  the  arm  being  always  slightly  inclined 
towards  the  inlet-branch,  there  is  no  danger  of  the  ball  sticking  with  the  arm 
vertical,  or  of  its  being  moved  the  wrong  way.  When  the  water  subsides,  the 

ball  falls  with  it,  unsealing  the  inlet,  and 
leaving  a  clear  passage. 

Fig.  362  shows  Couzens's  ball-trap 
interceptor.  The  action  is  automatic, 
and  any  back  pressure  of  water  raises 
the  copper  ball  against  an  india-rubber 
seating.  The  access  holes  are  covered 
with  iron  covers  bedded  in  suitable 

materials,  ami  secured  to  the  fire-clay  with  brass  screws;  they  are  therefore 
perfectly  gas  and  water  tight.  These  interceptor-traps  can  be  used  either  with 
or  without  inspection-chambers;  if  without,  an  access-shaft  should  be  carried 
up  from  the  large  opening  as  shown  by  the  dotted  lines. 

Often  basements  are  at  such  a  depth  relatively  to  the  depth  of  the  sewer, 
that  it  is  impossible  to  drain  them  satisfactorily  by  gravitation,  or  they  may 
even  be  actually  deeper  than  the  sewer.  The  impossibility  of  providing  an 
outlet  for  the  drainage  prevents  the  fullest  use  being  made  of  such  basements, 
and  in  business  premises  in  towns  this  is  a  very  serious  drawback  to  their 
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letting  value.  By  the  adoption  of  a  very  simple  arrangement,  known  as 
Adams's  Patent  Sewage- Lift,  all  Imsements  may  be  drained,  and  the  sewage 
lifted  from  them  automatically  into  the  public  sewer.  This  system  is  shown  in 
fig.  363,  and  the  working  of  it  is  as  follows:— The  low-level  sewage  finaffii 
outside  the  building  into  an  underground  chamber  (placed  in  a  convenient 
position  for  access),  where  it  enters  a  cylinder  by 
gmvitation,  passing  a  flap-valve  which  prevents  its 
return  when  the  air-pressure  is  applied.  This  pres- 
sure is  obtained  from  an  air- cylinder  placed  on  a 
higher  level  in  any  convenient  position  in  the  same 
or  other  building.  An  automatic  flush-tank  is  fixed 
above  the  air-cylinder,  and  is  fed  by  water  from  the 
service-main  or  bath-waste.  The  inflow  may  be  regu- 
lated by  hand  or  by  a  float  on  the  sewage,  so  that 
none  is  wasted.  As  soon 
as  the  tank  is  full,  its  con- 
tents are  discharged  from 
the  fall-pipe  into  the  air- 
cylinder,  displacing  the 
air  therein,  which  passes 
by  a  small  air-pipe  to  the 
forcing -cylinder  contain- 
ing the  sewage  to  be 
lifted,  and  there  exerts  a 
pressure  sufficient  to  raise  it  through  the  rising  main  into  the  puolic  sewer. 
It  is  necessary,  in  order  to  secure  the  requisite  pressure,  that  the  flush-tank 
should  be  at  a  height  above  the  air-cylinder  equal  to  or  in  excess  of  the 
height  of  maximum  lift,  but  if  it  can  conveniently  be  placed  higher  than  this, 
less  water  is  required  to  operate  the  lift,  as  a  larger  volume  of  air  is  carried  down 
with  the  falling  liquid,  which  answers  the  same  purpose,  and  in  this  way  as 
much  or  even  more  sewage  can  be  raised  than  there  is  liquid  falling.  When  the 
forcing-cylinder  is  empty  the  air-cylinder  will  be  full  of  water,  but  the  latter  is 
immediately  withdrawn  by  a  syphon  attached,  and  air  again  passes  in,  to  be 
again  expelled  at  the  next  discharge.  The  water  thus  withdrawn  may  l>e  stored 
in  a  tank  as  shown,  and  again  used  for  flushing  the  closets  in  the  basement  or 
for  other  purposes,  or  may  be  run  off  by  a  pipe  connected  to  the  overflow  from 
the  tank,  which  discharges  into  the  chamber  for  raised  sewage.  This  pipe  will 
require  to  be  disconnected  from  the  chamber  by  an  intercepting  trap  and  air- 
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inlet,  with  a  trap  below  the  tank  and  a  vent-pipe  to  the  external  air.  If  clean 
water  only  be  used  for  flushing,  it  need  not  be  wasted  when  discharged  from 
the  air-cylinder,  but  conveyed  to  any  point  where  required  for  use. 

It  will  thus  be  seen  that  sewage  can  be  raised  by  simple  automatic  apparatus 
involving  practically  no  expense  in  maintenance,  in  which  there  are  no  moving 
parts,  except  a  flap-valve,  nor  other  mechanism  to  get  out  of  order,  and  which 
requires  no  manual  labour  or  expensive  motive-power.  The  first  cost  depends 
upon  the  amount  of  sewage  to  be  lifted,  the  height  of  lift,  and  the  convenience 
of  the  positions  for  the  forcing  and  air  cylinders  and  the  flushing  tank,  and  the 
amount  of  labour  that  will  be  expended  in  fixing  them,  and  which  will  of  course 
vary  in  every  case.  But  the  circumstances  which  affect  these,  while  they  may 
cause  the  lengthening  or  bending  of  some  of  the  pipes,  will  not  impair  the 
efficient  working  of  the  arrangement,  as  they  have  no  relation  to  the  principles 
on  which  it  is  designed. 

The  third  paragraph  of  No.  66  of  the  Model  By-laws  prohibits  traps  between 
soil-pipes  and  drains,  and  in  the  new  by-laws  of  the  London  County  Council  the 
same  stipulation  is  provided.  There  is  great  divergence  of  opinion  amongst 
sanitarians  as  to  the  value  or  otherwise  of  an  intercepting  trap  at  the  foot  of  the 
soil-|>ij>e.  Those  who  are  familiar  with  Mr.  Hellyer's  work,  Hie  Plumber  and 
Sanitary  Jlonneji,  will  remember  that  Mr.  Hellyer  is  a  very  strong  advocate 
indeed  for  the  placing  of  an  intercepting  trap  at  the  foot  of  soil-pipes,  and  his 
book  contains  a  large  number  of  illustrations  showing  how  this  plan  can  be 
adopted  under  a  great  variety  of  conditions.  Another  eminent  sanitarian,  Dr. 
Pridgin  Teale  of  Leeds,  is  also  a  well-known  advocate  of  this  system.  In  the 
case  of  a  small  single  house  with  only  one  w.c.  at  no  great  distance  from  the 
intercepting  chamber,  a  second  disconnection  may  not  be  necessary;  but  where 
the  branch-drain  is  of  considerable  length,  a  second  disconnection  is  a  great 
advantage,  or  where  there  are  a  number  of  houses  side  by  side,  each  connected 
to  a  common  combined  drain,  then  it  is  certainly  desirable  that  there  should  be 
a  second  disconnection. 

It  is  the  universal  practice  to  fix  traps  in  the  waste-pipes  from  sanitary 
appliances,  and  as  they  have  to  be  disconnected  and  discharge  over  a  trapped 
gully  in  the  external  air,  they  are  therefore  doubly  trapped.  If  this  is  the 
right  principle  to  apply  to  waste-pipes,  it  is  surely  right  to  apply  it  to  the 
soil-pipe;  but  as  it  is  not  desirable  to  have  the  open  end  of  a  soil-pipe 
discharging  over  a  gully,  an  intercepting  trap  of  special  construction  has  to 
be  adopted  with  a  shaft  carried  to  the  surface  on  the  inlet  side  and  finished 
with  a  grating.  The  only  possible  smell  which  can  arise  is  when  a  discharge 
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from  the  closet  is  passing  through  the  intercepting  trap  immediately 
use,  but  as  that  discharge  is  very  rapid,  it  is  not  likely  that  any  smell  will 
be  detected.  At  my  own  house,  the  soil-pipe  is  disconnected  at  the  foot,  and 
the  grating  is  within  a  few  feet  of  a  door,  and  is  constantly  traversed  each  day; 
I  have  never  myself  been  able  to  detect  the  slightest  odour,  nor  have  I  ever  had 
any  complaints  whatever.  Mr.  Hellyer  in  his  lx>ok  also  states  that  he  has  one 
within  ten  feet  of  his  office  window,  and  has  never  found  it  in  any  degree 
offensive;  and  he  cites  a  case  which  shows  that  the  system  can  be  adopted 
without  being  in  any  degree  objectionable.  The  particulars  of  this  case  are  at 
follows : — 

"About  the  year  1882,  I  had  two  stacks  of  soil-pipes  fixed  with  a  large 
number  of  valve-closets  upon  each,  and  they  were  made  to  discharge  with  open 
ends  into  open  traps.  But  as  the  gratings  over  the  tops  of  the  drain  'dis- 
connecting' traps  were  right  in  the  footway  of  a  narrow  public  thoroughfare, 
and  as  the  parties  chiefly  concerned  in  the  erection  of  the  building  would  have 
been  too  nervous  to  have  sanctioned  any  such  open  ventilation,  nothing  was 
said  about  the  arrangement  of  such  ventilating  traps,  and  the  gratings  were 
supposed  by  all  concerned  except  myself  to  be  simply  covering  the  ends  of  rain- 
water pipes.  As  a  proof  of  the  safety  of  such  arrangement,  it  may  l>e  mentioned 
that,  though  the  closets  upon  each  of  the  two  stacks  of  pipes  just  referred  to 
have  been  in  great  use  for  several  years,  though  thousands  of  people  have  walked 
over  the  gratings,  and  though  office -windows  are  within  eight  feet  or  ten  feet  of 
them,  no  one  has  ever  noticed  the  slightest  disagreeable  smell  from  the  arrange- 
ment. Whenever  I  have  examined  these  intercepting  traps,  they  have  been 
found  quite  free  from  any  offensive  odour,  and  the  atmosphere  has  been  passing 
freely  into  the  discharging  end  of  the  soil-pipe  at  this  point,  and  not  out  of  it." 

There  are,  of  course,  many  ways  of  supplying  fresh  air  to  the  soil-pipe 
without  placing  the  inlet  immediately  upon  the  surface  of  the  ground  or  adjacent 
to  any  windows  or  doors. 

Where  the  disconnection  of  soil-pipes  is  adopted,  it  is  necessary  to  have  an 
independent  ventilation-shaft  for  the  drains,  and  if  the  branch  from  the  soil-pipe 
to  the  main  drain  is  of  suitable  length,  then  a  separate  ventilator  should  be 
placed  immediately  below  the  intercepting  trap  to  take  the  pressure  of  the  foul 
air  from  the  intercepting  trap.  It  will  be  generally  found  that  the  water 
standing  in  the  intercepting  trap  is  practically  clean  water,  being  the  remainder 
of  the  flush  which  has  carried  forward  the  soil,  and  that  if  any  smell  is  detected 
escaping  through  the  air-inlet,  it  will  most  likely  arise  from  a  stoppage  in  the 
drain,  and  is  really  a  warning  that  something  is  wrong  and  requires  attention. 
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Where  the  drain  is  in  proper  working  order,  there  can  be  no  reasonable  objection 
to  this  system. 

In  a  previous  chapter,  the  principles  of  drain-disconnection  and  the  reasons 
for  it,  were  fully  described.  It  is  now  requisite  to  point  out  the  various  forms 
of  trap  which  may  safely  be  adopted  for  the  purpose.  These  are  made  in 
a  great  variety  of  patterns  and  shapes,  both  for  use  upon  the  drain  and  for 
insertion  in  a  manhole.  The  old-fashioned  syphon-trap,  shown  in  fig.  364, 
through  which  the  sewage  flows  in  a  continuous  stream,  is  still  largely  used. 


Fig.  161  — Section  of  Syphon- trap 


Fig.  366.— Syphon  trip  with  Hand  hole. 


The  one  great  objection  to  this  form  of  trap  is  that  frequently  the  amount  of 
seal  allowed  is  entirely  inadequate  to  make  proper  provision  against  loss  by 
evaporation;  the  depth  of  seal  should  never  l>e  less  than  "2^  inches  in  any  case. 
A  modification  of  the  plain  syphon-trap,  shown  in  fig.  365,  is  effected  by  the 
insertion  of  a  hand-hole  for  cleaning  out  the  trap.  This  is  a  particularly  objec- 
tionable trap,  as  the  obstruction  caused  by  the  hand-hole  creates  a  rapid  accumu- 
lation of  sediment  around  it,  which  increases  and  hardens,  and  as  there  is  not 
usually  sufficient  discharge  of  sewage  from  the  house  to  remove  it,  the  final 
result  is  a  complete  blockage  of  the  drain. 

Some  people  object  entirely  to  the  use  of  intercepting1  traps,  looking  upon 
them  as  a  kind  of  miniature  cesspool,  and  while  their  arguments  may  be  good 
when  applied  to  some  forms  of  intercepting  trap,  it  is  certain  that  a  right  type 
of  intercepting  trap  is  of  great  advantage  to  a  drainage-system.  Undoubtedly 
in  many  instances  the  trap  of  the  house-drain  is  found  to  be  blocked  with 
decomposing  matter,  but  this  would  never  have  remained  there,  had  there  been 
systematic  flushing  of  the  drains.  Most  complaints  as  to  foul  odours  from  air- 
inlets  adjacent  to  intercepting  traps  are  made  during  dry  seasons,  when  little 
or  no  rain  enters  the  drains  for  flushing  purposes,  the  only  flush  being  from  the 
2-galloii  cistern  in  connection  with  the  w.c.,  which  is  quite  inadequate,  not  only 
to  carry  solid  matter  through  the  drain,  but  even  to  clear  the  intercepting  trap. 
With  a  proper  system  of  flushing,  there  is  no  reason  why  intercepting  traps 
cannot  be  kept  constantly  clean.  An  ideal  condition  of  things  can  never  be 
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attained  in  the  working  of  a  drainage-system,  and  a  certain  amount  of  gratia, 

and  other  solid  matter  difficult  to  move,  is  bound  to  come  into  the  drain.     It  i- 

essential,  therefore,  that  the  intercepting  trap*  should  be  of  such  a  form  as  will 

offer  the  least  resistance  to  the  nwtt<  i- 

which  have   to  pass  through   them,  and 

their  shape  should  l>e  such  that  they  will 

in  practice  be  self-cleansing;  further,  they 

should  not  hold  more  water  than  would 

be  contained   in   the  ordinary  Hush  of  a 

single  water-closet,  so  that  their  contents 

may  be  frequently  changed.     A  trap,  to 

be   effectual,    should    be    set    level,  and 

should  have  a  good  solid  Hat  base,  so  as 

to  enable  it  to  l>e  firmly  and  securely  fixed  in  its  projier  jmsition.      Where  these 

points  are  attended  to,  intercepting  traps  will  l>e  found  to  work  satisfactorily 

for  any  number  of  years. 

The  Buchan  intercepting  trap 
well  known,  and  is  shown  in  fig. 
It  has  a  straight  drop  of  2  inches  from 
the  inlet  to  the  water-level  in  the  trap, 
but  the  one  objection  to  it  is  that  op- 
posite to  the  inlet  there  is  a  straight 
wall, — the  design  being  very  similar  in 
this  respect  to  the  wash-out  w.c., — so 
that  water  coming  into  the  trap  at  a 
high  velocity  comes  in  contact  with  this 
wall,  and  its  flushing  force  is  dimin- 
ished, which  lessens  the  chance  of  the 
water  in  the  trap  being  completely 
changed. 

It  is  important  to  make  the  fullest 
use  of  the  incoming  water  for  flushing 
purposes,  and  as  far  as  possible  to  avoid 
its  change  of  direction,  and  to  concen- 
trate it  upon  that  part  of  the  trap  where  it  is  m«»t  wanted.  It  is  impossible 
to  show  every  variety  of  intercepting  trap  which  fulfils  these  conditions,  but 
two  good  patterns  are  shown  in  figs.  367  and  368.  An  extension  to  the  inter- 
cepting trap  is  shown  in  fig.  369,  which  consists  of  a  sudden  drop  of  4  inches 
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at  the  outlet  of  the  trap  forming  a  weir,  which  gives  a  cascade  motion  to  the 


Fig.  M  — Jtectkm  of  CtatM  and  Grrrn  •  Intercepting  Trap 


Fig.  960.— Section  of  SUdder •  Drop  Trap. 


water. 


This  is  known  as  Stidder's  Drop  Trap.     Another  trap  which  may  be 

used  without  a  manhole-chamber  is 
the  one  known  as  Winser's  Patent 
Villa  Detector,  which  provides  means 
for  efficiently  testing  the  drain  by 
simply  dropping  a  plug  into  the  seat- 
ing below  the  inlet  of  the  trap.  These 
traps  can  be  fixed  at  any  depth  by 
simply  extending  the  shaft  as  re- 
quired. Fig.  370  is  a  section  of  the 
trap  and  shafts  connected  with  it. 
The  late  Mr.  Slagg  introduced  a  trap, 
fig.  371,  which  has  a  contracted 
throat,  and  for  which  he  claimed  that 
its  capacity  is  large  enough  to  pass 
the  greatest  quantity  of  water  coming 
to  it,  and  small  enough  to  compel  the 
water  and  sewage  to  pass  through 
with  twice  the  velocity  it  can  possibly 

'       '  •  ^  "~  "~™  ""^"""^^^^^^"^B^^^^™^™^ ™ 

.! /•  V~          /^  v*V** :-  <£b'd     have  when  the  sectional  area  is  the 
I'liKS/i/A^E-      mfSPit  -   '    M&Hfil 

same  as  the  drain  itself.  The  adop- 
tion of  this  form  of  trap  necessitates 
the  air-inlet  shaft  being  constructed 
of  brickwork,  as  part  of  the  appliance 
consists  of  a  short  inverted  shoot,. 

marked  .A,  from  the  drain  to  the  trap  having  a  fall  in  its  length  of  4  inches. 

There  is  also  a  slight  drop  at  the  outgo  of  the  trap,  which  gives  it  the  cascade 
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motion,  similar  to  Stidder'a.  The  "  Loco"  intercepting  trap  is  shown  in  fig.  372. 
Where  the  drains  have  an  equal  fall,  and  it  is  desired  to  change  the  levels, 
instead  of  adopting  the  system  for  this  purpose  shown  in  fig.  339,  page  448, 


Fig.  371.—  Slagg'i  Intercepting  Trap. 
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a  modified  form  of  this  trap  may  be  used,  with  a  deflector  bend  fixed  as  shown 

in  fig.  373. 

Intercepting-  traps  for  fixing-  in  manholes    are    designed    UJKHI    the    same 

general  principles,  the  shape  of  the  inlet  being  slightly  altered  to  suit  the  brick- 
work and  the  channel  in  the  lx>ttom 
of  the  manhole.  Instead  of  the  hand- 
hole  for  inspection  l>eing  placed  verti- 
cally upwards,  it  is  inclined  and  carried 


Fig.  873.—  Section  showing  Change  of  Level  by 
"Loco"  Trap  and  fiend. 


•    •   ': 


forward  so  as  to  clear  the  wall  of  the  manhole,  and  afford  ready  access  to  the 
drain.  Fig.  374  shows  the  ordinary  type  of  manhole-interceptor,  known  as  the 
"  Beancliff  ".  Slagg's  quick-motion  trap,  previously  referred  to,  has  also  been 
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improved  by  the  addition  of  an  inspecting  arm,  which  enables  it  to  be  built 
into  a  manhole.     Another  trap  designed  upon  very  similar  lines  is  called  the 

"  Improved  Kenon  Trap  ",  fig.  375,  the 
shape  at  the  throat  being  changed 
from  circular  to  ovoid  with  the  object 
of  getting  an  improved  scour  from  the 
sewage  during  its  passage  through  the 

O"V  ^^  trap.     Greens  Patent  "Stopless"  Trap 

__2^M^K  p«»>i'ssils   practically  tin-  >anic  l'caturc>. 

Mr.  John  Jones  has  recentlv  intro- 

w 

duced  a  patent  stopper  for  the  clear- 
ingr-arm  of  intercepting  traps.  Fig.  376  will  give  a  good  idea  of  its  merits.  The 
frame  of  this  stopper  is  cemented  into  the- socket  of  the  cleansing-arm,  and  the 
closing  or  stopping  plate  is  securely  fixed  in  position  by  means  of  a  simple  lever, 
and  when  closed  is  absolutely  air-tight.  The  strongest  back-pressure  will  not 
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flf.  *7&— Jooea  t  Patent  Stopper  for  the  Clearing-Ainu  of  Intercepting  Trapa 

blow  it  out.  A  chain  is  attached  to  the  end  of  the  lever,  and  carried  up  to  the 
under  side  of  the  manhole-cover.  Should  the  trap  by  any  means  get  choked, 
and  the  inspection-chamber  gradually  fill  with  sewage,  all  that  is  required  is 
to  take  off  the  manhole-cover  and  give  a  slight  pull  to  the  chain ;  this  releases 
the  stopping -plate,  and  leaves  the  cleansing-arm  open  to  take  away  the 
accumulated  soil.  These  stoppers  can  be  made  to  fit  the  arm  of  any  inter- 
cepting trap. 

If  it  is  preferred  to  have  an  entirely  closed  channel  in  the  manhole,  a  closed 
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Intercepting:  trap  may  be  used.  Fig.  377  i»  a  section  of  a  manhole  showing  the 
\Vuverley"  trap  with  raking  eye  to  the  sewer  for  purposes  of  inspection,  and  a 
fresh-air  inlet-shaft  brought  up  to  the  surface  clear  of  the  manhole.  This  trap 
has  been  in  use  for  some  time  in  Scotland,  and  has  so  far  given  every  satisfac- 
tion. Another  trap  on 
practically  similar  lines, 
but  made  entirely  in  one 
piece,  is  shown  in  fig.  378, 
and  is  known  as  Sykes's 
Interceptor. 

Wherever  it  is  decided 
to  use  an  intercepting  trap 
at  the  foot  of  a  soil-pipe, 
*  slightly -mollified  form 
will  have  to  be  adopted. 
Brown's  and  Stidder's  traps 
are  very  suitable  for  the 
purpose,  but  either  of  these 
requires  a  special  tapering 
eye-piece  for  the  air-inlet, 
so  as  to  allow  the  air-space 
between  the  bars  of  the 
grating  to  be  equal  in  sec- 
tional area  to  the  sectional 
area  of  the  soil-pipe  itself. 
Mr.  Hellyer  has  devised  a 
trap  which  carries  out  this 
principle  in  a  very  work- 
man-like manner.  Another 
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very  excellent  soil-pipe  trap  is  shown  in  fig.  379,  the  top  part  being  Hanged  to 
receive  an  iron  frame  (secured  by  screws  through  the  flange  of  the  socket),  in 
which  the  grating  is  hinged  and  provided  with  a  lock,  so  that  any  authorized 
person  can  open  it.  This  trap  is  made,  as  shown  in  the  drawings,  for  outside 
soil-pipes,  and  also  to  receive  soil-pipes  from  ground-floor  w.c.'s.  Another  form 
of  soil-pipe  interceptor  is  shown  in  fig.  380,  known  as  Green's  Patent,  the 
trap  possessing  the  novel  features  shown  in  the  cross  sections,  and  the  hopper, 
being  loose,  can  be  turned  in  any  direction. 

The  fourth  paragraph  of  the  Model  By-law  66  prescribes  that  all  waste-pipes 
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Fig  37* -Section  of  8yke«'i  Interceptor  In  Manhole. 


from  sanitary  appliances  within  the  house,  with  the  exception  of  waste-pipes 
from  the  slop-sinks,  must  discharge  in  the  open  air  over  a  channel  leading  to  a 

trapped  gully  grating  at 
least  18  inches  distant. 
The  reason  for  fixing  arbi- 
trarily a  definite  space  in 
the  open  air  between  the 
end  of  the  waste-pipe  and 
the  gully  grating  is  not 
sufficiently  understood  or 
appreciated.  It  has  been 
the  custom  hitherto  for 
the  waste-pipe  to  be  fixed 
so  that  the  open  end  rests 
upon  the  gully  grating, 
or  in  many  cases  it  is 
inserted  into  the  gully 
below  the  grating.  It  is  well  known  that  even  above  the  water-line  there  may 
be  an  accumulation  of  offensive  matter  upon  the  sides  of  the  gully,  the  gases 

from  which  will  freely 
pass  up  the  waste-pipe 
into  the  house,  and  al- 
though there  may  be 
traps  upon  the  waste- 
pipes  inside  the  house, 
they  are  not  a  sure  pre- 
vention against  the  in- 
road of  gases.  We  have 
already  seen  from  Dr. 
Fergus's  experiments 
that  gases  can  be  ab- 
sorbed by  the  water 
standing  in  the  trap, 
and  given  off  inside  the 
house.  Many  gullies 

which  are  used  to  receive  the  discharge  of  waste-pipes,  are  from  their  shape 
and  dimensions  liable  to  hold  a  great  amount  of  filth,  and,  from  the  way  in 
which  they  are  fixed,  this  filth  escapes  and  penetrates  into  the  surrounding 
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PASSAGE  OP  SZWBMUMBB  THROUGH  TRAPS. 

ground  and  into  the  wall.  Others  have  also  a  most  imperfect  water-seal,  often 
not  exceeding  }  inch  in  depth,  which  is  easily  lost  by  evaporation,  so  that 
odours  from  any  accumulation  caused  by  defective  joints  in  the  branch  drains 
will  freely  escape  into  the  house. 

The  following  extract  from  a  report  by  Mr.  Rogers  Field,  ALI.C.E.,  dated 
6th  January,  1876,  on  "  Uppingham  Sewerage  and  Private  Drainage",  gives  a 
striking  instance  of  the  passage  of  sewer-gas  through  water-traps.  He  says: 
"  On  my  examination  of  the  sanatorium,  I  found  that  there  was  a  bad  smell  in 
two  lavatories  attached  to  water-closets 
situated  one  above  the  other.  Further 
investigation  showed  that  this  smell  did 
not  proceed  from  the  water-closets,  but 
from  the  lavatory  basins,  where  a  decided 
current  of  very  foul  air  was  coming  into 
the  chamber  from  the  unplugged  outlet 
of  the  basins,  and  it  was  found  that  each 
basin  was  connected  directly  with  a  pipe 
which  discharged  into  a  partially-closed 

*  M*  880.  — Orwa't  Aon  pip*  Interaptor 

gully   outside    the    house   covered    with 

snow,,  and  this  again  into  a  cesspool.  On  opening  the  gully  it  was  ascertained 
that  the  outlet  was  properly  trapped,  and  that  there  was  no  apparent  escape  of 
foul  gas,  but  that  the  water  in  the  gully  (though  clear)  had  a  very  liad  smell. 
In  order  to  test  whether  this  arose  from  any  passage  of  foul  gas  through  the 
trap,  clean  water  was  poured  into  the  gully,  and  this  removed  the  smell.  The 
gully  was  then  examined  again  after  a  few  hours,  and  it  was  found  that  the 
water  had  assumed  a  very  decided  smell.  The  experiment  was  repeated  with 
the  same  result,  and  it  appeared  that  the  longer  the  water  was  left  after  it  was 
changed  the  fouler  it  got.  Moreover,  on  closing  the  gully  again  after  the  water 
had  become  foul,  the  foul  current  of  air  returned  in  the  lavatory.  There  could 
be  no  question,  therefore,  but  that  the  smell  arose  from  the  passage  of  foul  air 
from  the  cesspool  through  the  water-trap." 

To  prevent  the  penetration  of  these  gases  into  a  house,  the  space  of  18 
inches  in  the  open  air  between  the  gully  and  the  end  of  the  waste-pipe  should 
be  provided.  It  does  not  necessarily  follow  that  the  gully  should  be  placed  so 
as  to  stand  out  1 8  inches  from  the  wall ;  there  are  many  ways  of  providing  this 
space  in  a  neat  and  satisfactory  manner. 

Every  gully  should  fulfil  the  following  conditions: 

(1)  The  shape  should   be  such  as  will  cause  it  to  be  self-cleansing  and 
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facilitate  the  passage  of  the  liquids  through  it,  and  it  must  be  free  from  angles 
or  corners;  the  simpler  the  arrangement  of  the  several  parts  the  better. 

(2)  It  should  have  a  flat  base  to  ensure  its  stability  and  permit  of  its  brin«j 

firmly  set 

(3)  It  should  have  a  seal  of  not  less  than  2^  inches  in  depth — that  is  to  say, 
more  than  2j  inches  in  depth  of  water  must  evaporate  before  the  water-seal 
would  l)e  broken. 

(4)  The  entrance  should  be  provided  with  a  grating,  opening  outwards,  to 
allow  the  trap  to  be  readily  cleansed. 

(5)  The  dish  or  loose  OOYer  should  be  designed  to  deliver  the  water  rapidly 
into  the  gully,  so  as  to  prevent  the  escape  of  liquid  over  the  sides;  the  cover 
must  not  be  set  loose  upon  the  gully,  but  secured  with  a  properly-made  water- 
tight joint. 

(6)  The  gully  must  be  set  perfectly  level  and  be  securely  jointed  to  the 
drain. 

This  requirement  of  an  open  channel  of  18  inches  between  the  end  of  the 
waste-pipe  and  the  gully  has  in  recent  years  led  to  the  bringing  out  of  many 
excellent  forms  of  channels,  which  allow  of  the  gully  being  set  close  to  the  wall. 

One  of  the  earliest  of  these  was 
known  as  Stidder's,  the  channel 
and  trap  being  all  in  one  piece, 
and  the  channel  being  covered 
with  a  light  iron  grating  to  keep 
out  leaves  and  litter.  The  trap 
and  channel  being  all  in  one 
piece  occasions  a  little  difficulty 
in  making  up  to  old  drains, 
owing  to  the  cutting  required 
and  obtaining  bends  of  suitable  curvature.  Docking's  patent  channel  is  shown 
in  fig.  381,  but  in  this  case  the  channel  is  fitted  on  to  a  loose  P  or  S  trap,  whirl i 

can  of  course  be  turned  to  any 
angle  according  to  the  direction 
of  the  drain  with  which  it  has  to 


Fig.  381. -Docking  •  rhannel  (or  Wuto-pipet. 


•  tCTIOM 


Fig.  *tt.—"  Loco"  Channel  for  W»§u-p<pe«. 


be  connected.  Fig.  382 
the  "  Loco  "  channel.  A  greatly 
improved  disconnecting  slipper  has  been  introduced  by  Mr.  Sykes,  which  is 
shown  in  fig.  383  The  slipper  is  made  with  a  spigot  outlet  to  connect  into  a 
loose  P  or  3  trap  as  required  The  inlet  is  socketed  to  receive  an  intake  piece, 
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which  is  made  with  one,  two,  or  three  inlet  arms  to  recoiv.  th«-  waste-pipes,  as 
shown  in  the  plan.  The  slipper  is  covered  with  a  galvanized -iron  grating,  and 
has  a  very  neat  appearance  when  set 

On  reference  to  Plate  XIV.,  it  will  be  seen  that  such  a  slipper  might  be  fixed 
at  A  to  receive  the  wastes  from  the  bath,  lavatory,  and  clean-water  Kink,  but  that 
one  of  the  other  forms  of  channel  would  be  quite  suitable  for  fixing  at  H  for  tin- 
ground  -floor  lavatory,  and  at  K  for  the  butler's- pan  try  sink.  At  E  upon  the  plan 


Fig.  883. -tyke*!  Slipper.  Ac.,  for  Wute-plpw. 

is  shown  a  gully  to  receive  the  waste  water  from  the  wash-up  sink  in  the 
scullery.  This  gully  requires  to  be  of  a  special  type  in  order  to  provide  for  the 
peculiarly  greasy  and  offensive  liquid  produced  in  the  washing  and  scraping  of 
plates  and  dishes.  When  this  liquid  with  its  particles  of  food  enters  the  drain, 
it  congeals  rapidly,  and  forms  an  obstruction  from  which  a  serious  nuisance  will 
arise  unless  it  is  speedily  removed.  Builders  have  attempted  to  cope  with  this 
difficulty  sometimes  by  constructing  an  objectionable  cesspool-gully  designed  to 
retain  the  solid  mess,  the  gully  being  closely  covered  up,  or  else  by  using  a  very 
large  earthenware  gully,  which  is  equally  offensive. 

The  grease  from  sinks  can  be  removed  in  two  ways— either  by  adopting  an 
appliance  which  collects  the  grease,  and  from  which  it  has  to  be  removed  at 
frequent  intervals  by  hand  (this  of  course  necessitates  constant  attention,  other- 
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wise  the  system  will  cause  nuisances  greater  than  those  sought  to  be  remedied), 
or  by  forcing  the  greasy  liquid  through  the  drain  before  congelation  can  take 

place.  From  a  sanitary  point  of 
view,  the  latter  method  is  infi- 
nitely to  be  preferred,  though  it 
has  to  be  admitted  that  the  adop- 
tion of  either  method  is  not 
strictly  in  accordance  with  the 
provisions  of  the  Model  By-laws, 
as  to  the  space  required  from  the 
end  of  the  waste-pipe  to  the  gully 
grating,  but  one  or  other  of  them 
is  absolutely  necessary  in  all 
houses  where  much  cooking  is 
done,  especially  in  the  ca.se  of  hotels,  clubs,  and  restaurants. 

Gullies  for  intercepting-  the  grease  are  of  two  types,  the  one  having  con- 
tainers as  shown  in  fig.  384,  in 
which  sand  and  solids  are  col- 
lected, the  grease  rising  to  the 
top,  where  it  cakes.  For  mode- 
rate-sized houses  a  large  recep- 
tacle is  required,  not  less  than 
2  feet  long  if  the  horizontal 
pattern  is  adopted,  of  which  fig. 
385  is  a  type.  Opposite  the  inlet  a  wall  is  carried  down  almost  to  the  bottom 
of  the  box,  and  opposite  the  outlet  is  a  similar  wall,  the  space  between  these 

forming  the  grease-interceptor. 
In  Adams's  pattern  (fig.  386)  the 
movable  lid  is  galvanized  and 
fitted  with  a  sunk  grating.  The 
liquid  enters  through  this,  then 
passes  down  to  the  bottom  of  the 
box,  travels  slowly  across,  and 
rises  to  the  outlet,  the  silt  and 
sand  being  deposited  and  the 

grease  ooagnlating  on  the  top.  For  larger  houses,  hotels,  clubs,  restaurants,  Ac., 
a  much  larger  collecting- box  is  necessary— not  less  than  3  feet  long.  The 
construction  of  these  is  slightly  varied  by  the  introduction  of  a  mid-feather  w,  as 
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shown  in  fig.  387,  which  illustrates  Hellyer's  "extra-Urge"  greaae-trap,  which 
has  a  vent-pipe  v  on  the  inlet-arm  and  an  access-hole  for  the  drain  at  Y  on  the 
outlet-arm,  and  is  covered  with  a 
holed  Hag  in  which  an  air-tight  iron 
cover  is  inserted.  Fig.  388  shows 
the  "  Eclipse"  grease-trap,  and  needs 
little  explanation;  the  greasy  water 
from  the  sink,  after  leaving  the  inlet- 
pipe,  passes  to  the  bottom  and  then 
slowly  along  the  entire  length  of  the 
trap ;  the  greasy  particles,  chilled  by  the  large  body  of  standing  water  in  the 
trap,  rise  and  remain  in  the  centre  /=* 

chamber  undisturbed  by  the  water 
flowing  below. 

Some  makers  adopt  a  deep 
vertical  type  of  grease-trap,  as 
shown  in  fig.  389,  which  illustrates 
Bolding's  "  Simplex  "  grease-trap. 
The  principle  is  the  same  as  in 
the  horizontal  ones,  the  direction 
of  the  flow  being  downwards  in- 
stead of  horizontal. 

Grease-traps  are  sometimes  made  in  cast-iron  instead  of  stoneware,  and  Mr. 
Hellyer  has  patterns  of  movable  ones 
which  are  coupled  to  the  waste-pipe  by  a 
screw-union;  and  there  are  also  others 
which  can  be  fitted  on  the  floor  under  the 
sinks. 

For  small  houses  self-cleansing  grease- 
gullies  are  much  to  be  preferred,  as  there 
is  not  an  excessive  amount  of  grease  re- 
quiring extra  force  to  break  it  up.  The 
gully  shown  in  fig.  390  is  known  as  "  Le 
Boesignol's  Patent  Self-cleansing  Grease- 
gully",  and  was  designed  specially  for 
the  purpose.  It  should  always  be  fixed 
with  the  inlet  A  taking  the  sink-waste, 
and  the  side  inlet  taking  the  bath  or  lavatory  waste.  The  angle  at  which  the 
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inlet  A  is  constructed  causes  the  water  to  rush  over  the  lip  B  (where  it  has  a  fall 
of  three  inches  to  the  level  of  the  water  in  the  trap)  with  such  an  impetus  that  it 
ensures  the  effectual  cleansing  of  the  trap,  breaking  up  any  fat  floating  on  the 
top  of  the  water,  and  carrying  it  into  the  drain.  Additional  flushing  through  the 
same  inlet  may  be  obtained  from  the  hot- water  tap,  which  in  most  houses  is  to 
be  found  over  the  sink.  The  trapping  lip  c,  being  at  the  same  angle  as  the  inlet 
A,  offers  the  minimum  of  resistance  to  the  scouring  out  of  the  grease.  The  gully 
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fig.  390  —Le  Rottignol't  Self-cleuuing  Grcaae-gnlljr. 


should  not  be  used  as  a  yard  gully  for  surface-water,  and  should  preferably  be 
fixed  half  an  inch  above  the  ground-level  to  prevent  the  entrance  of  gravel  or 
grit,  which  might  impede  the  scouring  out  of  the  grease. 

In  large  establishments  where  there  is  a  considerable  quantity  of  grease, 
special  means  must  be  taken  to  despatch  the  grease  into  the  drains  before  it 
coagulates.  To  do  this  successfully  special  gullies  with  provision  for  flushing*  have 
been  introduced.  Hot  grease  on  entering  the  trap  comes  into  contact  with  the 
cold  water  contained  therein,  solidifies,  and  rises  to  the  surface ;  a  powerful  cold- 
water  flush  is  introduced  by  means  of  an  automatic  system,  and  thoroughly 
cleanses  the  trap  and  carries  the  grease  into  the  drain.  Fig.  391  shows  Hellyer's 
pattern,  which  is  fixed  in  a  small  brick  chamber.  Just  enough  water  is  re- 
tained in  the  trap  to  congeal  the  grease;  the  flush  from  the  automatic  flushing  tank 
FT  enters  the  trap  at  the  back,  a  portion  of  the  flush  passing  through  a  flushing 
rim  with  a  jet  opposite  the  outlet  for  breaking  up  the  congealed  head  into  small 
pieces  and  floating  them  through  the  drain,  the  remainder  of  the  flush  being 
conducted  downwards  by  a  separate  water-way  to  the  bottom  of  the  trap  for 
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scouring  out  solid  matter.     A  20-gallon  flushing  tank  is  used,  and  where  a  head 
of  from  4  feet  to  7  feet  can  be  obtained  the  flush  is  3-inch  bore,  but  where  the 
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head  is  less,  4-iuch.  The  Hushing  tank  may  be  fixed  in  any  convenient  jxwition 
within  20  feet  or  30  feet,  so  long  as  the  necessary  head  is  obtained,  and  by  a 
little  contrivance  the  waste-water  from  baths  may  be  utilized  for  flushing  pur- 
poses, the  tank  being  placed  outside.  When  this  position  is  adopted,  special 
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must  be  taken  to  prevent  freezing,  and  to  secure  its  efficient  working 
fl          lfcuL»u£3i  during    the   winter;   it    should 

1.!"-, I         ~  '  -,  also  be  covered   over  to  keep 

""•  out  leaves  and  litter.     Fig.  392 

shows  a  very  simple  flushing 
tank  manufactured  by  Bowea- 
Scott  &  Western.  Fig.  393 
shows  Wiuser's  patent  rever- 
sible flushing-rim  grease-gully. 
It  is  made  in  two  pieces.  The 
trap  can  be  turned  in  any  direc- 
tion to  suit  the  drain ;  the  upper 
portion  can  also  be  turned  to 
suit  the  connection  from  the 
automatic  flushing  tank.  This 
meets  the  now  usually  adopted 
plan  of  concentrating  the  wastes 
and  rain-water  pipes  to  a  cen- 
tral gully,  which  in  some  cases 
also  receives  the  surface-water. 
Fig.  394  is  the  same  trap,  but 
has  an  extra  raising-piece  to 
receive  the  various  inlets;  this 
allows  the  three  pieces — viz., 
the  connection  for  the  drain,  the 
connection  from  the  tank,  and 
the  connection  for  the  various  inlets, — to  be  turned  in  any  direction  indepen- 
dently of  each  other.  This  is  perhaps  a  more 
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convenient  form,  but  requires  an  extra  depth  of  drain.  The  tops  are  supplu-d 
with  four  2-inch  holes  or  with  one  2-inch  or  three  4-inch  holes.  The  outgoes  of 
the  traps  are  made  both  4-inch  and  6-inch,  the  6-inch  being  recommended  at 
giving  more  freedom  to  the  flow  of  the  water. 


CHAPTER  VI. 
CONSTRUCTION  OF  DRAINS. 

The  first  necessity  in  the  construction  of  drains  is  a  ground  plan  of  the 
premises,  showing  the  position  of  the  whole  of  the  sanitary  appliances  from 
which  the  waste- water  has  to  be  conveyed  away,  and  also  the  ixwition  of  the 
sewer  or  cesspool  with  which  they  have  to  be  connected.  In  the  ca.se  of  a  house 
standing  in  its  own  grounds,  the  plan  should  show  the  shrubl>eries,  plantations, 
and  paths,  so  that  the  line  selected  for  the  drains  may  l>e  one  that  will  cause  aa 
little  disturbance  as  possible,  and  as  far  as  practicable  avoid  the  ncighliourhood 
of  the  roots  of  trees.  Oil  the  plan  the  drains  must  l»e  marked  to  comply  with 
the  conditions  settled  in  a  previous  chapter,  taking  care  thut  manholes  arc  fixed 
at  all  important  bends,  and  thut  the  branch-drains  are  as  short  as  possible,  ami 
converging  in  manholes,  so  that  access  may  IK?  had  to  all  of  them. 

It  has  hitherto  been  far  too  prevalent  to  entrust  the  construction  of  a 
drainage-system  to  odd  labourers  with  only  intermittent  supervision;  the  result 
is  that  the  pipes  are  huddled  together  anyhow  in  the  trench  without  uniformity 
of  line  or  gradient,  imperfectly  laid,  and  without  proj)er  foundations  being 
secured,  so  that  in  course  of  time  mischief  inevitably  ensues.  Again,  many  houses 
are  drained  without  any  plan  of  the  system  having  been  previously  prepared, 
the  course  of  the  drain  being  staked  out  upon  the  ground  in  what  is  considered 
the  most  convenient  position,  angles  and  corners  being  "negotiated"  by  sweeping 
curves,  the  idea  l>eing  no  doubt  that  they  will  facilitate  the  flov;  of  water  through 
the  pipes,  such  a  thing  as  subsequent  inspection  or  the  necessity  of  obtaining 
access  to  the  drain  being  entirely  disregarded.  The  difficulty  of  discovering  the 
course  of  drains  constructed  in  this  manner  is  palpable,  and  the  whole  method 
cannot  be  too  strongly  condemned. 

It  is  the  custom  in  all  works  of  main  sewerage  to  prepare  sections  from  actual 
levels,  and  upon  these  sections  to  record  the  levels  of  the  various  places  from 
which  sewage  is  to  be  picked  up;  and  while  it  is  important  that  this  should  be 
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done,  it  is  equally  as  important  that  the  same  pains  and  the  same  care  should  be 
taken  with  regard  to  the  drainage  about  a  house,  where  the  difficulties  to  be 
overcome  in  regard  to  levels  are  frequently  far  more  intricate  than  in  the  case  of 
main  sewers.  It  is  likewise  impossible  to  determine,  without  the  aid  of  carefully 
plotted  sections,  the  requisite  fall  to  be  given  to  the  drain,  or  to  select  the  size  of 
pipe  that  will  convey  away  the  whole  of  the  sewage  and  rain-water.  Without  tin1 
taking  of  levels,  it  is  also  impossible  to  select  the  most  economical  lines  for  drains 
-  that  is  to  say,  the  levels  will  enable  us  to  determine  the  line  that  will  involve 
the  least  amount  of  excavation.  It  may  be  necessary  to  make  a  slight  detour, 
which  would  increase  the  length  of  the  drain;  but  possibly  by  reason  of  the 
surface-levels  showing  that  considerably  less  excavation  in  the  trench  would  be 
required,  economy  may  be  thus  effected  without  at  all  reducing  efficiency.  A 
section  is  also  valuable  in  that  it  shows  how  it  may  be  possible  to  effect  changes 
of  level  in  the  drain;  and  as  these  will  be  brought  about  at  the  manholes,  it  may 
l>e  necessary  to  slightly  change  the  position  of  these  from  the  places  which  had 
previously  been  selected  upon  the  plan.  This  method  of  changing  the  levels  of 
the  drains  effects  considerable  economy  in  construction  without  in  the  least 
deteriorating  the  efficiency  of  the  drain,  providing  the  minimum  self-cleansing 
gradient  is  not  departed  from.  The  importance  of  this  cannot  be  too  much 
insisted  upon.  Quite  recently  I  had  to  certify  that  a  certain  system  of  drainage 
which  had  been  carried  out  was  efficient,  and  I  found  that  if  this  method  of 
changing  levels  had  been  adopted,  the  scheme  would  have  worked  perfectly 
satisfactorily,  and  that  at  least  £70  would  have  been  saved  in  excavation  alone. 
The  levels  required  are  not  only  the  surface-levels  along  the  line  of  the  main 
drain,  but  also  the  discharging  levels  of  the  outgoes  from  all  gullies  in  connection 
with  waste-pipes;  and  care  must  be  taken  to  see  whether  any  of  these  would  IHJ 
required  either  below  the  ground-level  or  in  the  basement.  It  is  obvious  that 
these  levels  can  only  be  accurately  taken  by  someone  who  is  intimately  acquainted 
with  the  operating  of  the  usual  type  of  surveyor's  level.  The  levels  should 
liear  a  relation  to  some  well-defined  point  which  is  not  likely  to  be  obliterated, 
and  which  may  be  used  for  the  purpose  of  a  datum.  When  the  situation  of  a 
house  admits  of  it  conveniently,  it  is  preferable  to  commence  levelling  from  a 
bench-mark  of  the  ordnance  datum,  as  nearly  all  sections  of  public  sewers  are 
plotted  with  reference  to  that  datum,  so  that  the  laying  down  of  the  intended 
levels  of  the  house-drainage  upon  the  required  section  is  very  much  simplified. 
The  section  may  be  plotted  on  any  convenient  scales,  according  to  the  length  of 
line,  and  the  variation  between  the  highest  and  the  lowest  level  recorded.  Care 
should  be  used  at  all  bends  in  the  line  and  at  the  positions  of  the  junctions  for 
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branch-drains  to  take  a  level  upon  some  fixed  point  which  can  be  again  referred 
to.  The  value  of  these  levels  should  be  clearly  shown  upon  the  section  at  their 
proper  positions. 

The  depths  of  the  drains  shown  in  Plate  XIV.  are  governed  by  the  depth  of 
the  basement  Moor,  and  the  levels  at  which  a  connection  may  \te  made  to  tin- 
main  sewer.  Where  there  are  no  cellar  drains,  the  level  at  the  extremity  of  tin- 
longest  branch  will  govern  the  depth  and  gradient  of  the  main  drain.  As  there 
are  waste-pipes  in  the  basement  both  in  front  and  at  the  back  of  the  house,  it 
will  be  necessary  for  the  drain  to  l>e  kept  at  an  uniform  depth  from  the  surface; 
but  assuming  that  there  had  !>een  no  waste-pipe  at  the  Iwck  of  the  house,  the 
proper  course  would  have  been  to  have  changed  the  level  of  the  main  drain  at 
the  manhole  (No.  2).  In  completing  the  section  it  is  preferable  to  show  the 
drains  by  red  lines,  and  all  letters  and  figures  relating  to  sizes  and  gradients 
ami  reduced  levels  of  inverts  should  IHJ  clearly  marked  in  red ;  the  height  of  the 
datum  line  above  the  ordnance  datum  or  other  fixed  point  should  }>e  recorded, 
and  along  the  datum  line,  the  distance  of  the  various  points  where  manholes  are 
to  be  fixed  or  changes  of  direction  and  gradients  occur,  should  also  be  clearly 
marked. 

The  next  stage  is  the  cutting-  of  the  trench  and  the  laying:  of  the  drain. 
There  are  two  methods  of  laying  the  pipe  to  the  gradient  required,  the  one 
being  by  the  use  of  the  l>oning-rod  and  sight-rails,  but  the  more  common  way 
of  working  is  to  use  an  ordinary  spirit-level  and  a  straight-edge.  The  former  is 
the  more  reliable  and  exact  method,  and  is  in  fact  the  only  one  that  should  l»e 
permitted,  and  it  is  for  the  setting  out  of  the  required  levels  at  the  various 
points  that  the  work  recorded  upon  the  section  is  of  such  value.  Before 
describing  this  method  in  detail,  some  reference  may  be  made  to  the  other 
system. 

It  is  customary  to  supply  the  pipe-layer  with  a  wooden  straight-edge  of  a 
given  length ;  sometimes  it  is  only  long  enough  to  extend  over  one  pipe,  or  it 
may  be  sufficiently  long  to  include  several.  It  may  IK»  bevelled  on  one  edge  to 
the  gradient  required,  or,  as  more  usually  occurs,  the  two  edges  may  be  parallel, 
one  end  having  a  rough-and-ready  contrivance  secured  to  it  which  has  l*en 
presumably  cut  to  the  gauge,  or  very  often  a  screw  or  tack  is  fastened  at 
one  end,  projecting  in  the  ratio  of  the  fall  required;  there  are  also  appliances 
specially  made  for  "  levelling"  to  various  gradients,  such  as  the  clinometer. 
There  are  many  weak  points  about  this  system  which  must  lx»  perfectly  obvious 
to  everyone  who  has  had  experience  of  it.  The  position  of  each  pipe  i«  only 
fixed  with  reference  to  the  pipe  previously  laid,  so  that  any  error  however  slight 
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is  carried  forward  from  pipe  to  pipe,  and  in  the  case  of  a  long  drain  it  is  quite 
possible  on  reaching  the  termination  to  find  an  error  of  several  inches  either 
higher  or  lower  than  the  desired  point  It  is  also  possible  for  the  pipe-layer — 
although  it  would  be  extremely  careless — to  reverse  the  straight-edge,  and  so 
error  would  accumulate.  Again,  after  one  pipe  is  laid,  it  may  be  some  days 
before  the  next  pipe  is  connected  to  it;  in  the  meantime  the  pipe  last  laid  may 
have  settled,  or  may  have  got  slightly  misplaced,  and  there  is  no  means  of 
telling  whether  it  is  in  correct  position  or  not  So  long  as  these  things  win 
take  place,  it  is  always  well  to  employ  contrivances  that  are  less  likely  to  be 
misused  by  the  ordinary  workman.  In  the  case  of  such  small  works  as  house- 
drainage,  it  is  not  always  possible  to  have  constant  supervision  by  experts;  it  is 
well,  therefore,  to  make  everything  capable  of  being  effectively  done  under 
occasional  .supervision. 

The  most  efficient  appliance  for  securing  a  perfectly  true  gradient  in  pipes  is 
that  known  a>  the  boning-rod  and  sight-rail.  The  boning-rod  is  an  upright 
piece  of  wood  cut  to  any  convenient  length  to  suit 
the  depth  of  the  drain.  It  i«  fitted  with  a  cross-head 
exactly  like  a  "|"~  square,  and  at  the  other  end  a  shoe 
is  screwed  on.  which  fits  on  to  the  invert  of  the  pipe 

as    shown   in    fig.   395.      This 

shoe  should  l>e  secured  to  the 

rod    by  angle-iron   fixed   with 

screws,  so   that  whenever  the 

rod  is  required  to  be  shortened, 

the  change  is  readily  made.  The 

sight-rail,  as  shown  in  fig.  396, 

consists  of  a  cross-bar  consider- 
ably wider  than  the  trench,  secured  to  uprights  firmly  placed  in  pipes  well  away 
from  the  edges  of  the  trench,  so  as  to  be  clear  of  any  movement  which  may  be 
caused  by  a  sudden  collapse  of  the  sides  of  the  trench.  Two  sight-rails  are 
required,  one  at  the  point  where  the  drain  starts,  and  the  other  at  the  point 
where  the  direction  or  gradient  is  changed,  and  intermediate  ones  can  be  placed 
wherever  convenient  Assuming  the  distance  between  manholes  Nos.  1  and  3  on 
the  plan  to  be  100  feet,  and  the  gradient  to  be  1  in  50,  that  would  be  a  rise  of 
2  feet;  assuming  the  reduced  level  of  the  invert  of  the  sewer  at  No.  1  to  be  24  feet, 
and  the  surface-level  to  be  32  feet,  or  a  difference  of  8  feet,  then  1 1  feet  would 
be  a  very  convenient  length  for  a  boning-rod.  The  sight-rail,  therefore,  at  No.  1 
would  be  fixed  on  a  level  of  35  feet,  and  that  at  No.  3,  37  feet.  We  shall  now 
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see  what  assistance  we  can  derive  from  having  taken  careful  levels  in  the  tint 
instance.  In  setting  up  the  sight-rail  when  the  level  is  fixed,  the  operator  would 
commence  by  taking  a  back-sight  upon  hit  MMMt  temporary  bench-mark,  and 
would  transfer  that  level  to  the  upright  of  the  sight-rail,  adding  the  difference 
required.  Supposing,  for  instance,  that  at  No.  I  the  bench-mark  read  33*73,  we 
should  require  to  add  1*27  to  give  us  the  value  35,  which  would  be  the  height  of 
the  sight-rail;  in  the  same  way,  supposing  the  bench-mark  at  No.  3  to  be  34*86, 
we  should  require  to  add  2' 14  to  get  the  height  of  the  sight- rail  at  that  point, 
namely,  37.  The  levels  of  the  sight-rails  may  also  be  fixed  by  placing  the  level 
midway  between  the  two  points,  fixing  the  boning-rod  in  the  invert  of  the  pipe, 
and  letting  the  assistant  hold  the 
staff  on  the  cross-head  of  the  bon- 
ing-rod; the  operator  then  takes 
the  reading,  ami  the  assistant  after- 
wards holds  the  staff  on  the  verti- 
cal upright  to  which  the  sight-rail 
is  to  be  secured  at  the  next  point, 
raising  it  or  lowering  it  until  the 
same  level  is  read  by  the  operator. 
Two  feet  must  then  be  added  for 
the  fall  which  is  required  for  the 
drain,  and  the  sight-rail  securely 
fixed  level  across  tatween  the 
uprights.  A  section  illustrating  this  method  of  setting  up  sight-rails  w  shown 
in  fig.  397,  from  which  it  will  be  seen  that  the  sight-line  is  exactly  parallel  to 
the  line  of  the  proposed  gradient.  When  the  Iwning-rod  is  placed  on  the  invert 
of  the  pipe,  the  cross-head  should  be  exactly  in  line  when  looking  over  from 
one  sight-rail  to  the  other.  As  the  work  proceeds,  the  boning-rod  is  held  on 
each  pipe  in  succession,  the  pipe  being  adjusted  until  the  cross-head  falls  exactly 
into  line.  The  position  of  each  pipe,  therefore,  is  fixed  independently  of  the 
preceding  one.  This  method  is  as  easy  to  work  as  any  other,  and  it  is  certainly 
the  most  accurate. 

Section  21  of  the  Public  Health  Act,  1875,  confers  the  right  upon  the  owner 
or  occupier  of  premises  to  have  his  drains  connected  to  the  sewers  of  the  Council, 
on  condition  that  he  complies  with  the  Council's  regulations  as  to  the  mode  of 
making  the  communication  between  the  drain  and  the  sewer,  and  subject  to  the 
control  of  any  person  who  may  be  appointed  by  the  Council  to  superintend  the 
making  of  the  connection.  The  succeeding  section,  No.  22,  permits  the  use  of 
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sewers  by  the  owner  or  occupier  of  any  premises  outside  the  district  of  tin- 
Council  on  such  terms  and  conditions  us  may  l»o  ji^n-i-d  upon  between  tin- 
respective  parties,  or,  in  case  of  dispute,  these  terms  may  he  settled  by  the 
magistrates  or  by  arbitration.  In  many  cases  boundaries  of  districts  are  formed 
by  the  fence  running  along  the  side  of  a  road,  or  the  centre  of  a  road  may  be 
taken  for  the  boundary;  so  that  houses  outside  the  boundary  in  such  cases  may 
be  connected  to  the  sewer  belonging  to  the  District  on  the  other  side  of  ihe 
Itoundary.  Section  23  of  the  Act  confers  power  upon  the  Local  Authority  to 
enforce  the  drainage  of  undrained  houses,  and  to  cause  them  to  be  connected  to 
any  sewer,  belonging  to  the  Local  Authority,  which  is  not  more  than  100  feet 
from  the  site  of  such  houses,  but  if  no  such  means  of  drainage  are  available, 
then  by  emptying  into  a  cesspool  or  such  other  place  as  the  Local  Authority 
directs.  The  Authority  may  require  the  drains  to  \^e  of  such  materials  and  size, 
to  \>e  laid  at  such  levels  and  to  such  falls  as,  on  the  report  of  its  surveyor,  may 
ajijM-ar  necessary.  And  by  Section  25  it  shall  not  be  lawful  in  any  Urban 
District  to  erect  or  rebuild  any  house,  or  to  occupy  the  same,  unless  and  until  a 
sufficient  drain  has  IMMJII  constructed  subject  to  the  provisoes  mentioned  in  the 
previous  sections. 

In  many  districts  that  portion  of  the  drain  tatween  the  public  sewer  and 
the  building-line,  in  highways  reparable  by  the  inhabitants  at  large,  can  only  be 
constructed  by  the  officials  of  the  Councils,  but  where  there  is  no  rule  to  this 
effect,  it  is  necessary  for  the  person  who  is  to  construct  the  works  on  behalf  of 
the  owner  or  occupier,  to  obtain,  as  required  by  Section  149  of  the  Public 
Health  Act,  permission  to  break  open  the  street,  and  having  obtained  this  he  is 
then  subject  to  compliance  with  all  the  conditions  imposed  in  Sections  81,  82, 
and  83  of  the  Towns  Improvement  Clauses  Act  of  1847,  which  are  incorporated 
also  in  the  Public  Health  Act,  and  which  have  reference  to  the  fencing,  lighting, 
and  guarding  the  works  and  materials  for  the  proper  protection  of  the  public. 

It  is  also  necessary  to  give  notice  of  the  intention  to  make  a  junction  with 
the  public  sewer,  as  it  is  possible  one  may  not  have  been  left  upon  the  sewer  at 
the  precise  spot  required.  For  the  purpose  of  having  this  connection  made  in 
an  efficient  manner,  it  has  to  be  done  under  the  direct  personal  supervision  of  a 
responsible  officer  of  the  District  Council,  and  the  whole  of  the  work  from  the 
junction  to  the  building-line  executed  strictly  in  accordance  with  the  Council's 
regulations.  In  those  districts  where  the  Public  Health  Amendment  Act  of 
1  890  has  been  adopted,  the  owner  of  the  property  may,  if  he  so  desires,  under 
Section  18,  agree  with  the  Council  upon  terms  to  execute  this  work  on  hi.- 
Itehalf,  and  so  avoid  the  responsibilities  and  obligations  imposed  by  the  Council's 
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regulations,  and  the  sections  of  the  Acts  of  Parliament  referred  to  abore.  If 
the  Council  themselves  do  not  undertake  the  work,  then  the  person  under- 
taking the  work  for  the  proprietor  must  make  the  connection  to  the  sewer.  If 
no  junction-pipe  has  been 
inserted  in  the  sewer,  some 
approved  means  must  be 
taken  to  make  the  connec- 
tion. 

If  the  Surveyor  to  the 
Local  Authority  will  sanc- 
tion it,  a  hole  may  be  cut  in 
the  sewer-pipe  for  the  in- 
sertion of  a  properly-curved 
and  flanged  connecting  - 

collar,  the  spigot  of  which  is  of  a  depth  equal  to  the  thickness  of  the  newer-pipe, 
the  flange  being  bedded  in  cement  mortar  upon  the  pi|>e.  Tlie.se  collars  should 
have  sockets  in  which  to  insert  the  first  pij>e  of  the  branch-drain,  as  shown  in 
fig.  398. 

To  introduce  an  ordinary  junction-pipe  into  an  existing  sewer  is  an 
operation  involving  con- 
siderable trouble  and  ex- 
pense, as  several  pipes  may 
have  to  be  removed  and  a 
considerable  amount  of 
excavation  thus  incurred. 
To  overcome  this,  Messrs. 
Doulton  have  introduced 
a  patent  junction  •  pipe, 
shown  in  fig.  399,  by  the 
adoption  of  which  one  pipe 
only  is  removed  from  the 
sewer,  and  this  can  readily  be  replaced  by  that  which  receives  the  branch- 
drain.  On  removing  the  existing  pipe,  the  portion  A  of  the  patent  pipe  is  placed 
in  position.  This  is  provided  at  one  end  with  an  extended  half-socket,  which  is 
entered  beneath  the  spigot  B  of  the  existing  sewer,  and  the  spigot  of  the  in-w 
pipe  is  then  drawn  back  into  the  exposed  socket  of  the  sewer.  The  operation  i- 
completed  by  the  insertion  of  the  part  c  between  A  and  B;  this  has  two  half- 
sockets  at  the  upper  side,  by  means  of  which  a  satisfactory  joint  can  be  made 
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with  the  pieces  A  and  B.  An  access-opening  is  provided  in  the  portion  hearing 
th«*  branch,  and  this  permits  of  the  several  joints  being  finished  from  the  inside; 
it  can  be  ultimately  closed  by  a  stopper. 

Messrs.  Gates  &  Green  also  make  a  patent  socketless  access-pipe,  in  con- 
nection with  which  a  loose  fire-clay  ring  or  thimble  is  slipped  over  for  the 
purpose  of  making  the  joint.  The  access-hole  permits  the  workman  to  put  in 


Flf.  400.— Ottos  &  Grecn'i  Patent  HockeUca*  Accra-pipe :  R,  loot*  fire-clay  ring  to  make  the  socket. 

his  hand  and  make  good  the  joints.     This  is  shown  in  fig.  400,  which  sufficiently 
explains  it.sclf. 

Socketed  access-pipes  with  junctions  are  also  made  for  insertion  instead  of 
the  ordinary  junction.  In  case  of  a  stoppage  in  the  branch-drain,  by  removing 
this  access-cover  an  examination  can  be  made,  and  if  necessary  cleaning  tackle 
inserted.  The  diameter  of  the  junction-piece  )>eing  less  than  that  of  the  main 
pipe  from  which  it  is  branched,  the  invert  is  slightly  higher,  and  owing  to  the 
inclination  of  the  smaller  drain,  it  may  be  necessary  to  set  up  the  junction- 
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piece  to  conform  to  this  gradient,  and  in  order  to  prevent  subsequent  displace- 
ment when  the  trench  is  being  refilled,  means  should  be  taken  to  provide  a  firm 
foundation  underneath  the  branch.  In  order  to  prevent  any  chance  of  the 
omission  of  this  very  necessary  work,  some  makers  have  lately  introduced 
junctions  with  rest-pieces,  which  enable  a  firm  base  to  be  obtained  simply,  as 
will  be  seen  on  reference  to  fig.  401. 

Where  the  connection  has  to  be  made  to  a  brick  sewer,  the  brickwork  must 
be  cut  out  sufficiently  to  allow  of  the  insertion  of  a  properly-radiated  highly- 
glazed  fire-clay  oblique  junction-block,  having  square  bed,  sides,  and  top,  as 
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shown  in  fig.  402,  which  must  be  set  in  cement  mortar,  an<l  the  KM.  k work  made 
good  thereto.  In  district**  where  the  sewers  are  liable  to  be  back-watered  from 
tide-locking  or  the  rise  of  floods,  these  junction-blocks  should  be  fitted  with  a 
flap-valve,  which  will  close  with  the  pressure  of  tin-  rising  sewage  in  the  main 
sewer,  and  so  prevent  the  flooding  of 
basements  and  the  like.  These  valves 
have  already  l>een  descrilied. 

The  first  stage  in  the  work  of  con- 
struction is  of  course  the  excavation  of 
the  trench  to  the  required  depth.  The 
trench  should  not  l>e  made  wider  thuu 
necessary  to  allow  sufficient  room  for  the 
pipe-layer  to  work.  If  it  l>e  over  10  feet 
deep  it  should  l>e  3  feet  wide,  if  the  depth 
be  less  than  that  2  feet  6  inches  in  width, 
and  if  it  l>e  no  more  than  4  or  5  feet 
deep,  so  that  the  earth  can  be  thrown  out 
without  intermediate  staging,  a  width  of 
2  feet  3  inches  is  sufficient.  The  surface- 
material  should  )>e  carefully  put  on  one 
side  for  reinstatement  in  its  proper  place, 
and  the  excavated  material  neatly  and 
compactly  deposited  alongside  the  trench, 
so  as  to  do  as  little  damage  and  occasion 
as  little  inconvenience  as  possible;  all 
surplus  rubbish  must  be  removed  promptly  as  the  works  proceed.  In  catting 
through  gardens  and  grounds  the  necessity  of  these  conditions  will  be  appre- 
ciated, and  at  the  same  time  particular  care  must  be  taken  to  do  as  little 
damage  as  possible  to  the  foliage  and  roots  of  trees  and  shrubs.  The  length  of 
trench  to  be  opened  out  at  one  time  will  l>e  governed  by  the  number  of  men 
constantly  kept  at  work,  the  nature  of  the  ground,  and  the  interference  with  the 
proper  use  of  and  access  to  the  premises.  Where  the  trench  is  contiguous  to 
walls  and  buildings,  whose  foundations  may  be  liable  to  disturbance  by  reason  of 
the  trench  being  kept  open  an  undue  length  of  time,  it  should  only  be  got  out 
in  short  lengths,  and  the  work  rapidly  completed  and  the  trench  refilled;  this 
applies  also  in  cases  where  the  ground  has  been  "  made ",  the  material  being 
necessarily  somewhat  loose.  If  running  sand  be  met  with,  the  work  should 
proceed  cautiously  in  short  lengths.  Rock  should  be  hewn  out  by  hand,; as 
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blasting  is  too  risky  in  the  immediate  neighlx>urhood  of  property;  when  t In- 
trench, however,  is  at  a  safe  distance  from  houses,  blasting  may  be  resorted  to, 
provided  the  contractor  takes  the  sole  responsibility  for  accidents  of  every  kind. 
It  is  customary  to  open  out  trenches  down  to  a  depth  of  16  feet.  This 
requires  three  lifts  or  stages  for  getting  the  material  up  to  the  surface.  The 
additional  expense  beyond  this  depth  of  having  an  extra  lift,  makes  it  cheaper 
to  resort  to  tunnelling*;  but  l>efore  this  is  done  till  the  surrounding  circumstances 
must  IK?  fully  weighed  and  considered — that  is  to  say,  whether  the  ground 
immediately  above  the  heading  is  sufficiently  solid  to  admit  of  tunnelling,  also 
whether  due  suj>ervision  can  be  exercised  over  the  construction  of  the  work,  and 
whether  the  contractor  can  be  relied  upon  to  securely  pack  the  heading  so  as  to 
leave  all  thoroughly  sound. 

Where  water  occurs  in  the  trench,  proper  provision  must  be  made  for  its 
abstraction  as  the  works  proceed,  by  forming  proper  dams  and  sumps  for  the 
pur|>ose,  into  which  the  suction-pipe  of  a  pump  must  be  inserted,  care  being 
taken  to  afterwards  remove  from  the  sump  all  wet  and  loose  slurry,  and  to  make 
pood  the  hole  with  concrete  up  to  the  level  of  the  pipes.  In  case  any  existing 

drains  are  met  with,  following  the  same  course 
as  the  trench  nnd  likely  to  interfere  with  the 
progress  of  the  new  work,  they  must  be  diverted 
into  temporary  wooden  troughs,  and  carried 
past  the  work  as  it  proceeds  to  a  temporary 
outlet,  so  as  to  avoid  as  far  as  possible  any 
damage  that  might  be  caused  to  the  bottom  of 
the  trench  by  the  escape  of  water.  Proper  care 
must  also  be  taken  to  maintain  any  drains  which 
may  come  across  the  trench,  cast-iron  pijxis 
lieing  substituted  for  the  pipes  removed,  of  such 
a  length  that  they  will  get  a  firm  and  even 
bearing  on  either  side  of  the  trench. 

As  the  excavation  proceeds,  the  sides  of  the 
trench  should  be  supported  by  proper  timbering: 
fixed  by  "experienced  and  competent  timtar- 
men".  Fig.  403  shows  a  cross-section  of  A 
trench  fully  timbered.  The  walings  of  3-inch 
spruce  planks  are  first  set  up  and  secured  by  stretchers  of  good  strong  square  or 
round  fir  or  (in  narrow  trenches)  of  larch.  The  poling  boards  are  of  elm  or  spruce. 
cut  into  3-feet-G-inch  lengths,  with  the  toes  sharpened  and  driven  in  with  a  mail 
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U-liind  the  walings  as  close  as  the  nature  of  the  ground  requires.  The  lower 
timbers  are  inserted  in  the  same  manner  as  the  work  proceeds.  In  case  running 
sand  is  met  with,  the  poling  boards  should  be  wedged  close  together  and  ml-li 
tional  stretchers  inserted,  and  behind  the  poling  boards,  litter,  rushes,  or  bra<  k«  n 
should  be  packed  as  tightly  as  possible,  and  added  as  required.  Occasionally 
thin  running  sand  is  so  difficult  to  deal  with  that  a  second  and  inside  course  of 
poling  boards  is  required  to  resist  the  pressure.  The  timber  within  each  length 
of  walings  is  called  a  "  setting",  and  in  difficult  ground  the  work  should  proceed 
by  settings,  one  being  opened  out  as  the  preceding  one  is  being  filled  up.  Thi* 
is  naturally  a  costly  process,  but  it  is  a  safe  one.  In  certain  cases,  to  sup|x>rt 
property,  some  of  the  timber  will  require  to  be  left  in  the  trench,  and  where  thU 
is  done,  such  timber  should  be  accurately  measured;  but  if  the  necessity  for 
leaving  it  has  arisen  from  carelessness  or  neglect  on  the  part  of  the  contractor, 
any  timber  so  ordered  to  be  left  should  not  l»e  paid  for.  The  timbering  should 
be  strong  enough  to  carry  the  staging  necessary  to  hold  the  weight  of  material 
thrown  up  at  each  "lift"  and  the  men  working  UJKHI  it.  The  stagings  are 
usually  from  4  feet  to  5  feet  apart  vertically.  Water  and  gas  pipes  and  similar 
things  will  require  supporting  across  the  trench  so  as  to  prevent  their  fnu-ture. 
These  are  sometimes  slung  to  the  top  stretchers  by  chains,  so  that  these  waling* 
must  not  be  struck  as  the  trench  is  being  refilled.  Kxtra  timbering  will  likewise 
be  required  in  the  shoring  up  of  walls  and  buildings. 

Before  laying  the  pipes,  the  trench  must  be  neatly  formed  to  the  shape  of 
the  drain  to  be  laid,  proper  socket- holes  being  cut  so  that  each  pipe  may  be 
truly  and  firmly  bedded  throughout  its  entire  length,  all  irregularities  resulting 
from  bad  workmanship  l>eing  filled  up  with  gravel  or  concrete.  To  obtain  a  true 
alignment  of  the  pipes,  the  centre  of  the  trench  should  IK? 
carefully  notched  on  each  sight-rail,  and  a  stout  cord  con- 
nected to  each  mark  from  sight-rail  to  sight-rail.  From 
this  a  plummet  can  be  suspended  over  each  pipe  as 
required.  Whenever  the  pipes  require  slightly  raising  so 
as  to  be  true  to  the  gradient,  the  packing  must  be  done 
with  the  very  finest  material.  If  the  foundation  appears 
liable  to  give  way  when  the  trench  is  refilled  a  foundation 
of  concrete  should  be  formed,  and  carried  up  at  least  half 
the  height  of  the  pipes,  so  that  these  may  be  securely  l>edded  in  it.  and  tin-  sides 
neatly  bevelled  as  shown  in  fig.  404.  The  concrete  must  be  lowered  to  the 
bottom  of  the  trench  in  buckets,  and  properly  placed  in  position ;  for  if  it  is  shot 
from  the  top  of  the  trench,  the  stone  will  tend  to  separate  from  the  mortar. 
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Special  care  must  be  taken  that  drains  are  not  laid  in  newly-made  ground, 
as  they  are  sure  to  subside  along  with  it,  thus  fracturing  the  joints.  The 
excavation  in  this  kind  of  ground  should  be  carried  down  to  the  solid  earth. 
and  a  substantial  wall  of  concrete  or  of  dry  rubble  should  be  built  up  to  t  la- 
requisite  level  in  order  to  ensure  a  firm  foundation  for  the  drain,  and  the  pipes, 
after  being  placed  in  position  and  jointed,  should  be  securely  wedged  on  each 
side  to  prevent  them  rolling  when  the  trench  is  being  refilled. 

After  the  pipes  have  been  adjusted  to  the  exact  line  and  gradient,  the 
jointing  of  the  pipes  should  be  proceeded  with,  according  to  whatever  process  is 
adopted,  but  no  pipes  should  be  covered  up  until  they  have  been  examined  and 
tasted  for  water-  tightness.  The  drains  should  l>e  kept  as  free  as  possible  from 
rubbish  and  water  during  construction,  and  iron  drains  should  always  have  every 
length  brushed  out  l>efore  jointing,  and  upon  completion  they  should  all  be 
cleansed  and  left  entirely  free  from  rubbish  of  every  kind. 

In  refilling  the  trench,  the  best  material  should  be  selected  to  go  in  first  — 
such  as  sand  or  fine  gravel,  —  and  this  must  IKJ  carefully  placed  and  compactly 
rammed  round  the  pipe  without  disturbing  the  line  or  fracturing  the  joint. 
When  there  is  not  less  than  a  foot  of  cover  over  the  pipes,  the  water  used  in 
testing  may  \tc  let  off,  the  discharge  l>eing  observed  in  order  to  be  sure  that  all 
the  pipes  were  fully  charged,  and  that  the  test  was  a  fair  one.  The  trench  can 
then  l>e  refilled  in  layers  not  more  than  9  inches  thick,  and  well  punned,  two 
rammers  following  one  filler,  but  no  clay  should  IKJ  brought  within  12  inches  of 
the  surface.  The  supports  for  gas  and  water  pipes  will  require  to  be  left  until 
the  trench  has  become  quite  consolidated.  It  is  better  not  to  reinstate  the 
surface-materials  immediately,  but  to  cover  off  with  good  ashes  or  gravel. 
Settling  will  probably  take  place  at  the  rate  of  1  inch  per  foot  in  depth,  even 
with  the  l>est  rammed  refilling,  and  with  clay  the  rate  will  be  even  more,  as  it 
is  very  difficult  to  get  it  compactly  together  unless  it  has  "fallen".  When 
consolidation  appears  to  have  been  effected,  the  surface  -materials  should  l>e 
reinstated  and  made  good. 

The  first  paragraph  of  By-law  62  prohibits  the  passage  of  drains  under 
buildings  except  where  no  other  mode  is  practicable,  and  the  next  paragraph 
prescribes  that  such  a  drain  shall  be  laid  in  a  direct  line  for  the  whole  distance 
beneath  the  building,  and  be  completely  embedded  in  and  covered  with  solid 
concrete  at  least  6  inches  thick  all  round.  It  has  already  been  pointed  out  that 
in  certain  cases,  especially  in  town  buildings,  some  drains  must  of  necessity  be 
laid  under  the  building,  and  where  there  is  no  access  to  a  Wk  road  the  drains 
of  terrace-  houses  are  bound  to  be  carried  from  back  to  front.  It  frequently 
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is  that  win-re  drains  are  laid  under  a  building,  through  aome  failure  of  a 
joint  the  sewage  escapes  and  runs  underneath  the  pipes  into  the  sutwoil,  cau- 
very  serious  mischief  indeed, — and  this  state  of  things  U  quite  likely  to  c* 
even  where  the  joints  have  been  made  in  cement.  It  does  not  al\\a\ .-  follow 
that  the  drain  should  !>«•  laid  under  the  floor  of  the  basement;  there  are  many 
instances  in  which  economy  may  be  practised  by  carrying  the  drain  on  brackets 
built  into  a  wall  of  the  basement,  and  thence  into  the  road  to  be  connected  to 
the  sewer.  But  it  is  obvious  that  earthenware  pipes  would  not  be  suitable  for 
a  drain  in  such  a  position.  Iron  pipes  only  can  be  used;  such  pipes  completed 
with  a  run-lead  joint  will  not  only  convey  the  sewage  adequately,  but  will  lie 
both  water-tight  and  gas-tight.  The  fewness  of  the  joints,  and  the  rapidity  with 
which  they  can  be  made,  are  very  important  advantages  in  favour  of  iron  pipes, 
particularly  when  they  have  to  l>e  laid  under  a  floor.  Iron  pipes,  as  they  can  \te 
satisfactorily  worked  under  pressure,  may  l>e  of  a  smaller  diameter  than  stone- 
ware pipes,  provided  no  inlets  are  required  for  waste-pipes  about  the  level  to 
which  the  drain  has  to  be  laid. 

This  proposal  of  the  Model  By-laws  to  embed  the  pipes  in  concrete  is  a 
clumsy  method,  and  it  would  l>e  especially  expensive  to  apply  it  in  the  case  of 
an  existing  building  on  account  of  the  excessive  amount  of  material  requiring  to 
be  got  out,  and  also  of  the  cost  of  the  concrete,  every  ounce  of  which  would 
have  to  be  carried  down  in  buckets  from  the  outside,  and  in  case  a  drain 
required  relaying  under  business  premises,  the  disturbance  to  business  caused 
by  the  undue  length  of  time  taken  up  by  such  a  process  would  I*  a  serious 
matter.  The  proposal  further  leaves  out  of  consideration  any  improvements 
which  may  have  been  effected  in  pipes  themselves,  or  in  the  methods  of  jointing, 
during  the  last  twenty  years.  I  have  myself  had  Hassall's  double-lined-joiut 
pipes  laid  beneath  buildings,  and  seeing  that  such  a  joint  can  t>e  made  to  stand 
a  pressure  of  100  Ibs.  to  the  square  inch,  it  is  surely  safe  enough  in  the  interior 
of  a  building,  more  especially  when  the  ground  is  covered  with  a  layer  of  con- 
crete before  the  floor  is  put  down. 

The  further  proviso  in  the  model  code  for  adequate  means  of  ventilation  to 
be  provided  in  the  case  of  a  drain  passing  under  a  building  is  a  right  one,  and 
no  exception  can  be  properly  taken  to  it;  if  the  terminal  of  the  drain  is  not  at 
a  soil-pipe  (which  could  be  used  for  ventilating  purposes),  a  special  vent-pipe 
should  in  every  case  be  provided. 
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CHAPTER  VII. 
FLUSHING,  CLEANSING,  AND  TESTING  DRAINS. 

It  is  rightly  considered  that  a  scheme  of  town-sewerage  cannot  work  satis- 
factorily  without  proper  arrangements  for  flushing  the  sewers,  the  appliances  for 
the  purpose  being  placed  at  the  head  of  all  long  sewers  and  at  suitable  inter- 
mediate positions.  While  town-sewers  are  laid  at  flatter  gradients  than  house- 
drains,  and  the  composition  of  the  sewage  is  a  great  deal  more  complex,  it  is  still 
necessary  to  have  proper  provision  made  for  the  flushing  of  house-drains.  In 

many  towns  this  work  is  now 
periodically  done  during  the 
dry  season  by  the  sanitary 
authorities  themselves,  but 
in  a  well-devised  system  of 
house-drainage  it  is  essential 
that  some  automatic  appli- 
ance, regulated  to  discharge 
at  suitable  intervals,  should 
be  fixed  at  the  head  of  the 
drain,  for  even  if  this  is  laid 
at  a  gradient  that  will  pro- 
duce a  self-cleansing  velo- 
city, there  are  times  when 
the  flow  of  sewage  is  not 
sufficient  to  keep  the  solids 
from  depositing,  or  to  pre- 
vent their  gradual  accumu- 
lation and  the  consequent 
generation  of  gases.  The  opening  of  a  half-inch  tap  at  full  bore  is  of  no  value 
whatever.  What  is  required  is  to  discharge  through  the  drain  a  volume  of  water 
sufficiently  large  to  thoroughly  cleanse  the  whole  of  the  interior  surface  that 
has  been  in  contact  with  the  sewage. 

Mr.  Rogers  Field  was  the  first  sanitarian  to  put  into  practical  shape  the 
principles  of  automatic  drain-flushing,  and  his  self-acting*  flushing  cisterns,  fitted 
with  a  patent  annular  syphon,  have  been  in  general  use  for  many  years;  the 
present  pattern  is  shown  in  fig.  405.  The  annular  syphon  is  fitted  into  an  iron 
tank.  The  longer  limb  of  the  syphon  dips  about  ^  inch  into  the  water  in  the 


Ml.    •leMea  *  IWd'f  AnnnUr  Syphon. 


M'AV  ,'HiiN 


lower  tank  or  trapping-box,  in  which  the  water  is  kept  at  its  proper  level  by 
a  weir.  The  action  is  as  follows: — When  the  water  (fed  from  the  inlet  or  Up) 
rises  in  the  dome  or  bell  to  the  top  of  the  lip  on  the  longer  limb  of  the  syphon, 
it  begins  to  flow  over  by  a  succession  of  drops  at  first,  which  dispel  a  sumYimt 
quantity  of  air  in  the  discharge-pipe  and  Ml  to  cause  the  level  of  the  liquid 
within  the  bell  to  rise;  this  rise  increases  the  overflow  into  the  di-x-harge-pipe 
and  expels  a  further  quantity  of  air,  gradually  forming  a  vacuum,  which  again 
causes  a  still  larger  rise  and  overflow,  and 
thus  brings  the  syphon  into  full  action, 
when  the  tank  is  emptied  with  enormous 
rapidity. 

Fig.  406  is  an  illustration  of  Adams's 
flushing*  syphon.  When  the  tank,  in  which 
the  syphon  is  placed,  commences  to  fill,  water 
stands  in  both  legs  of  the  inverted  syphon  at 
the  level  A.  This  level  does  not  vary  for  a 
considerable  time,  because,  although  the  tank 
is  filling,  the  air  imprisoned  under  the  deep 
trap  over  the  main  pipe  can  escape  by  the 
small  pipe  at  the  side,  which  also  has  a  cap 
over  it.  But  when  the  water  rises  high 
enough  to  seal  the  upper  end  of  this  small 
pipe,  the  air  is  retained.  As  it  becomes  com- 
pressed, it  forces  down  the  water  in  the  left 
leg  of  the  syphon  until  this  leg  is  empty.  A 
further  increase  of  pressure  causes  a  large 
bubble  of  air  to  escape  up  the  right  leg.  This 

leg,  it  will  be  seen,  is  contracted  at  c,  so  that  the  bubble  is  delivered  up  the 
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centre  of  the  pipe  in  one  mass.  Were  it  not  for  the  restriction  at  c,  it  would 
be  possible  for  the  air  to  creep  up  the  side  of  the  pipe  in  small  bubbles,  when 
the  effect  would  be  less  rapid  and  certain.  As  it  is,  as  soon  as  the  bubble  turns 
the  corner,  it  displaces  a  quantity  of  water  in  the  right  leg,  and  when  it  has 
passed  away  the  level  of  water  suddenly  falls  from  A  to  B.  The  reduced  head 
(B  to  c)  can  then  no  longer  balance  the  air-pressure  in  the  deep  trap,  and  a  rush 
of  air  clears  out  the  syphon,  to  be  immediately  followed  by  all  the  water  in  the 
tank.  To  confine  the  requisite  amount  of  air,  a  cap  of  suflkient  depth  is  placed 
upon  the  vent-pipe  shown,  tfcis  pipe  ensuring  the  absolute  certainty 
apparatus  giving  free  admission  of  air  to  the  syphon  both  before  and  after  its 
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discharge,  ID  the  latter  case  completely  breaking  the  partial  vacuum  which  other- 
wise would  exist 

Fig.  407  shows  a  flushing  syphon  on  a  new  principle,  known  as  Merrill's 
patent.  Instead  of  depending  for  its  action  on  the  gradually  increasing  pressure 
of  the  liquid  in  the  tank  driving  out  the  air  compressed  in  tlu>  M  plton.  Merrill 's 
syphon  depends  on  the  action  of  a  tipping  bucket.  When  the  water  fed  into  the 
cistern  or  tank  reaches  the  inlet  end  of  the  short  leg,  the  air  in  the  syphon 

is  locked  up  between  the  water  in  the  tank  and  that 
in  the  outlet-trap,  and  consequently  the  water  rises 
more  slowly  in  the  short  leg  than  in  the  tank,  the 
difference  in  level  depending  on  the  depth  of  the  seal 
of  the  outlet- trap.  When  the  feed  supplied  to  the 
tank  has  produced  a  sufficient  compression  in  the 
syphon,  the  air  is  gradually  driven  out  through  the 
trap,  in  proportion  as  the  water  rises  in  the  tank  and 
short  leg.  When  the  water  reaches  the  l>end  or  over- 
flow point  of  the  syphon,  it  overflows  into  the  tip- 
ping bucket,  which,  when  filled  to  its  tipping  point, 
overturns  and  throws  out  its  contents  into  and 
through  the  outlet-trap,  and  thus  produces  a  vacuum 
which  permits  the  head  of  water  to  charge  the  syphon. 
The  syphon  is  so  constructed  that  the  upper  part  can 
IKJ  lifted  off,  and  the  lower  portion  exposed  for  inspec- 
tion or  cleansing. 

These  syphon -cisterns,  when  charged  with  clean 
water,  may  be  placed  either  inside  or  outside  the  house  in  any  convenient  posi- 
tion ;  but  if  outside  and  alx>ve-ground,  means  must  be  taken  to  protect  them 
from  frost.  To  economize  in  the  consumption  of  water,  it  is  a  good  arrange- 
ment to  feed  them  from  the  bath- waste,  as  this  water  is  seldom  greasy;  and  as 
thirty  gallons  are  often  discharged  from  a  bath,  a  cistern  to  hold  this  quantity 
is  a  suitable  size  to  adopt  in  such  a  position. 

Mr.  Rogers  Field  has  also  devised  another  form  of  tank,  which  is  shown 
in  Fig.  408,  called  the  "Self-acting:  Flush-tank",  and  which  may  be  used  in 
connection  with  sink-wastes.  The  apparatus  consists  of  a  cylindrical  water-tight 
iron  tank  A,  having  a  trapped  inlet  B,  which  also  forms  a  movable  cover  to  give 
access  to  the  inside  of  the  tank,  and  a  socket  c  for  a  ventilating  pipe.  The 
outlet  consists  of  A  syphon  D  E  p,  so  arranged  that  no  discharge  takes  place  till 
the  tank  is  completely  filled  with  sewage,  when  the  syphon  is  brought  into 
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FIELD'S  FLUSH-TANKS. 

action,  and  the  contents  are  immediately  di--harged.  The  outer  end  r  of  the 
syphon  dips  into  a  discharging  trough  G  attached  to  the  flange  of  the  xyphon  by 
a  movable  button  H,  so  as  to  be  turned  round  in  the  right  direction  to  connect 
the  tank  with  the  line  of  the  outlet-pipe 
I.  Tliis  trough  has  a  barrier  j  across  it, 
with  a  notch  so  contrived  as  to  assist 
small  quantities  of  liquid  in  bringing  the 
syphon  into  action,  instead  of  merely 
dribbling  over  the  syphon  without  charg- 
ing it,  as  they  otherwise  would  do.  The 
cover  of  this  trough  can  be  removed  to 
give  access  for  cleaning.  There  is  also 
a  brass- wire  strainer  K,  which  is  clipped 
on  to  the  inner  end  D  of  the  syphon,  and  can  l>e  taken  off  at  will;  and  a  wrewecl 
brass  plug  L  is  fitted  to  the  bend  E  of  the  syphon,  in  case  it  should  at  any  time 
be  necessary  to  examine  or  clear  it.  The  pipe  M  represents  u  waste-water  pipe 
(usually  from  a  sink),  through  which  the  supply  of  sewage  is  conveyed  to  the 
tank.  Fig.  409  represents  Field's  flush-tank  made  in  stoneware,  which  works  in 
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Fig.  409.— Section  and  End  Elf  ration  of  Ffold'i  Stoneware  Fluid  Unk 

the  same  manner  as  that  made  in  iron,  the  only  difference  being  that  the  syphon 
is  placed  in  a  different  position. 

This  flush-tank  must  be  fixed  outside  the  house  or  building,  and  in  some 
convenient  position  between  the  supply  and  the  drain  to  be  flushed,  and  the 
supply  must  be  connected  with  the  inlet  and  the  drain  with  the  outlet  of  the 
tank.  There  is  no  house  in  which  there  is  not  sufficient  waste- water  for  flush  ini; 
by  means  of  this  apparatus.  The  water  from  the  sink  is  generally  available  as 
a  supply,  and  the  tank  is  specially  adapted  for  this,  as  it  forms  the  most  per 
kind  of  trap,  breaking  the  connection  between  the  drains  and  the  house,  and 
intercepting  the  solid  matter.  Where  the  drains  have  only  a  slight  fall,  advan- 
tage can  be  taken  of  the  height  of  the  sink  by  placing  the  top  of  the  Uuk  above 
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the  ground.     The  drippings  from  a  water- tap,  or  the  rain-water  from  the  roof, 
may  also  be  used  as  a  supply.     A  very  small  accession  of  water  will  start  the 

syphon  when  the  tank  is  once  full, 
but  should  it  occasionally  remain  full 
for  some  time  in  consequence  of  in- 
sufficient supply,  a  jug  of  water, 
thrown  on  the  grating  of  the  inlet,  will 
immediately  set  the  syphon  in  action. 
Adams's  glazed-ware  syphon,  shown 
in  fig.  410,  can  also  be  used  for  flush- 
ing house-drains  with  dirty  water.  It 
is  made  in  any  size  from  3  gallons  up 
to  40  gallons.  It  does  not  start  with 
n  dribble  supply,  but  is  filled  with  any 
house-waste  (soil-pipe  excepted),  and 
when  full,  the  addition  of  a  little  more 
—as  by  the  emptying  of  a  bowl  or 
basin  into  the  sink — at  once  sets  up 
sy phonic  action,  and  the  full  contents 
of  the  vessel  are  discharged  to  the 
drain.  In  this  also  provision  is  made  for 
cleansing  by  the  cap,  as  the  apparatus, 
working  with  dirty  or  greasy  water,  requires  periodical  cleansing.  A  stone  dish 
may  be  placed  directly  over  the  inlet,  or  a  branch-drain  may  be  connected  thereto. 
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411  -Dorkrtfi  Tipper  used  for  Flashing  Drains. 


The  tipper  or  tumbler,  as  used  in  connection  with  slop-water  closets,  can  also 
be  adapted  for  the  purpose  of  flushing  drains.    For  some  years  I  had,  at  a  house 


FLUSHING   SYPHON    IN   BRICK   TANK 

in  whieh  1  resided,  a  5-gallon  tipper  fixed  in  the  gully  receiving  the  Uth-waste, 
as  shown  in  fig.  411.  It  worked  well,  and  was  very  serviceable  in  keeping  the 
intercepting  trap,  which  was  about  twelve  yards  away,  always  sweet  and  clean. 
This  tipper  can  l>e  made  in  any  size  in  fire-clay  up  to  60  gallons,  but,  l»eing 
rather  heavy,  it  is  a  somewhat  delicate  operation  to  set  the  tipjM-r  in  a  true 
horizontal  position  so  as 
to  maintain  its  balance; 
ami  the  chamber  in  which 
it  is  fixed  should  l>e  se- 
curely protected  with  a 
dosed  cover,  so  as  to 
keep  out  any  solid  objects 
that  would  be  liable  to 
fall  in  and  put  the  tipper 
out  of  gear. 

For  large  houses  and 
on  long  lengths  of  drains, 
a  much  larger  quantity 
is  required  for  Hushing 
than  can  be  economically 
stored  in  any  of  the 
appliances  previously  re- 
ferred to,  so  that  it  is 
much  more  economical 
and  satisfactory  to  con- 
struct a  tank  of  brick- 
work, in  which  the  Hush- 
ing appliance  can  be 
placed.  This  brickwork 
should  always  be  set  in 
cement,  and  it  would  be 
well  to  back  it  with  well- tempered  clay  puddle  as  far  as  the  top  of  the  syphon - 
leir.  The  water  may  l>e  taken  from  the  house  service-pipes,  if  a  daily  flush  i* 
required,  or  the  overflow  from  any  well,  spring,  or  other  private  supply  may  lie 
utilized,  and,  as  far  as  possible,  rain-water  and  the  bath-waste.  Fin.  412  shows 
a  tank  fitted  with  Field's  syphon.  Sometimes  the  trapping-tax  under  the  -yphon 
is  formed  in  concrete,  but  cast-iron,  as  shown  in  the  illustration,  is  preferable. 
For  a  6-inch  drain,  the  depth  of  the  syphon  is  2  feet  2  inches,  and  for  a  9-ineh 
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drain  2  feet  7^  inches.  Any  of  the  other  types  of  syphons  previously  described 
may  be  used  in  connection  with  these  brick  chambers.  An  arrangement  has 
tan  designed  by  M«-  —  r-.  A«lam-.  BO  as  t<»  tlu-h  l\vi>  \v;iy>.  it'  tlr-iiv-i. 

The  Miller  syphon  has  lately  been  introduced  into  this  country  from  America. 
The  following  description  of  it  is  taken  from  Engineering,  February  1,  1895: — 
"  The  flushing  syphon  is  one  which  has  been  largely  adopted  in  the  United 

x  States,  having   obtained 

kSMj  J*gr~-  the  highest  award  at 
Chicago  in  1893.  Pre- 
vious syphons  have  been 
brought  into  action  by 
the  simple  release  or 
rarefaction  of  the  air 
confined  in  the  syphon, 
or  by  the  sudden  remo- 
val of  such  air  by  special 
subsidiary  devices,  which 
are  entirely  absent  in  the 
'Miller'  syphon."  As 
shown  in  fig.  413,  "it 
consists  of  two  simple 
castings,  a  (J  tul>e  (or 
trap)  and  mouthpiece,  cast  in  one  piece,  and  a  cast-iron  bell  which  is  placed  over 
the  longer  leg  of  the  syphon,  and  is  held  in  place  by  brackets  cast  on  the  trap. 
The  action  of  the  syphon  is  as  follows :  As  the  water  entering  the  tank  rises  above 
the  lower  edge  of  the  bell,  it  encloses  the  air  within,  the  lower  portion  of  the  U 
or  trap  being,  of  course,  filled  with  water.  As  the  water-level  in  the  tank  rises, 
the  confined  air  gradually  forces  the  water  out  of  the  long  leg  of  the  trap,  until 
a  point  is  reached  when  the  air  just  endeavours  to  escape  round  the  lower  bend. 
Now,  as  the  difference  of  water-level  in  the  two  legs  equals  the  difference  of  the 
levels  between  the  water  in  the  tank  and  the  water  within  the  Ml,  it  will  be 
seen  that  the  column  of  water  in  the  short  discharge-leg  has  practically  the  same 
depth  as  the  head  of  water  in  the  tank  above  the  level  at  which  it  stands  in  the 
bell.  The  two  columns  of  water  therefore  counterbalance  each  other  at  a  certain 
fixed  depth  in  the  tank.  As  soon  as  this  depth  is  increased  by  a  further  supply, 
however  small,  a  portion  of  the  confined  air  is  forced  around  the  lower  bend, 
and  by  its  upward  rush  carries  with  it  some  of  the  water  in  the  short  leg, 
thus  destroying  the  equilibrium.  But  the  secret  of  this  invention  is  the  free 
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projection  of  the  overflow  edge,  which  allows  of  the  instantaneous  escape  or 
falling  away  of  the  heaved -up  water.  Thus,  if  the  discharge- mouth  were  formed 
as  an  ordinary  bend,  the  syphon  would  not  act  (although  the  confined  air  rushes 
arouinl  tin-  lower  bend),  for  the  simple  reason  that  the  hruvrd-up  water  has  no 
means  of  instantaneous  escape,  and  therefore  tin-  equilibrium  is  not  >uth'ciently 
disturbed.  It  will  thus  be  seen  that  the  action  of  the  syphon  depend*  not  on 
the  escape  of  air,  but  on  the  sudden  reduction  of  a 
counterbalancing  column  of  water. 

Repeated  trials  have  shown  that  a  6 -inch  Miller 
syphon  will  discharge  full-bore  a  500-gallon  tank,  fed 
so  slowly  as  only  to  be  filled  in  fourteen  days.  There 
being  no  internal  obstruction,  the  discharge  is  extremely 
rapid.  There  is,  it  will  be  seen,  a  deep- water  well 
between  the  Hushing  tank  and  the  sewer,  which  is  of 
course  an  advantage.  We  have  had  the  opportunity 
of  seeing  one  of  the.se  syphons  at  work  in  the  excellent 
sanitary  museum  at  Hornsea,  and  though  severely  tried, 
the  syphon  worked  perfectly.  As  will  l>e  seen  by  a 
reference  to  fig.  413,  the  syphon-chamber  can  be  very 
neatly  combined  with  a  manhole.  No  special  mouth- 
piece is  required;  the  mouth  of  the  discharge -pipe 
stands  quite  clear,  and  delivers  the  water  into  a  concrete 
basin,  from  which  it  rushes  down  into  the  sewer." 

In  long  lengths  of  drain  it  is  not  necessary  to  go  to  so  great  an  expense  M 
would  be  occasioned  by  the  construction  of  intermediate  Hushing  tanks,  but  it  is 
sufficient  to  re-use  water  discharged  from  the  Hushing  tank  at  the  head  of  the 
drain,  and  this  can  be  accomplished  by  fixing  penstocks  in  the  manholes;  when 
the  penstocks  are  securely  closed,  the  sewage  or  water  is  dammed  Iwck  in  the 
sewer,  and  when  the  penstock  is  opened  again,  the  liquid  rushes  forward  with 
great  force.  The  "screw-down"  penstock,  shown  in  fig.  414,  is  raised  or  lowered 
by  a  key  fitted  on  to  the  top  of  the  spindle  from  the  surface.  This  type  of 
penstock  is  the  most  suitable  where  absolute  water-tightness  is  desired,  and 
where  the  pressure  behind  it  is  considerable;  but  there  are  circumstances  where 
a  penstock  of  the  disc  pattern,  as  shown  in  fig.  415,  would  answer  the  purpose. 
This,  as  will  be  seen,  is  self-locking,  and  works  from  a  side  pivot,  and  is  raised 
or  lowered  by  working  the  spindle  attached.  Whenever  a  penstock  is  fixed  in  a 
manhole,  it  is  desirable,  on  account  of  the  sudden  rush  of  water  when  the 
penstock  is  raised,  which  is  apt  to  rise  over  the  invert  on  to  the  platform  at  the 
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aide  of  it,  that  the  outgo  of  the  manhole  should  be  enlarged  into  the  form  of  a 
swallow,  or  shoot  (as  it  is  sometimes  called),  as  shown  in  fig.  416.     For  some 

years  1  have  made  it  a  practice  in  fixing 
a  penstock  to  place  a  relief-pipe  from 
the  drain  immediately  behind  the  wall 
of  the  manhole,  turning  it  over  into  the 
manhole  at  a  level  that  will  prevent  the 
eicape  of  sewage  on  to  the  surface  of 
the  ground  through  the  gullies  or  man- 
hole-gratings fart  her  up  the  drain,  in 
case  any  accident  should  prevent  the 
penstock  from  being  raised.  I  have 
generally  found  that  gardeners  and  other 
servants,  who  are  set  to  attend  to  the 
Hushing  of  drains,  have  a  knack  of  going 
away  in  the  middle  of  the  operation 
and  of  forgetting  to  raise  the  penstock. 
The  relief-pipe  also  acts  as  an  escape  for 
the  air  displaced  by  the  incoming  Inxly 
of  water.  A  jieiistock  should  always  l»e 
fitted  upon  the  inlet-pipe  of  the  inter- 

Ffe  41&-DUc  Penstock.  .  .      .  .          ...    ,        f  , 

cepting  manhole,  as  it  will  be  found  not 

only   useful   for  drain- cleaning  purposes,   but  also  whenever  it   is  desired    to 
apply  the  hydraulic  test  to  the  drains. 

It  may  be  thought  that,  if  drains  are  constructed  upon  the  conditions  already 


•Ifr  416.— Drain  Shoot  for  VM  with  Penrtock. 


laid  down,  and  if  proper  attention  is  paid  to  their  maintenance,  there  is  no 
possible  chance  of  their  getting  stopped  up.     I  am  not  one  of  those  who  believe 


DRAIN-CLEARING  TOOLS. 

that  all  drains  get  stopped  sooner  or  later,  but  I  have  found  stoppages  In  drains 
within  a  few  months  of  their  completion — in  one  instance  caused  by  a  boose- 
maid's  scrubbing-brush ;  another  stoppage  was  found  to  have  been  caused  by  one 
of  the  masons  having  swept  into  the  drain  a  quantity  of  stone  from  a  manhole 
cover  at  which  he  had  been  working;  in  another  case,  at  a  public  institution,  I 
found  the  drain  completely 
blocked  with  pieces  of  floor- 
cloth,  and   the   lint   from 
them,  and  also  an  excessive 
quantity  of  grit  from  rub- 
bing stones.     For  the  last 
case,  a   successful   remedy 
was    found    by    placing    a 
strong        galvanized  -  wire 
strainer  across   the  invert 
of  one  of  the  manholes.    It 
is    clear    that    temporary 
stoppages     in     drains    do 
occur,  and  for  the  purpose 
of  removing  them,  the  best 
implements    are    the    red 
malacca    canes,    cut    into 
lengths  varying  from  2  to 
6  feet,  and  fitted  with  in- 
terchangeable brass  screws 
and  brass  riveted ;  they  can 
be    procured    in    bundles 
from  30  to  100  feet  in  length,  and  a  number  of  tools  used  for  removing  an 
obstruction  can  be  screwed  on  as  required.     These  tools  consist  of  a  duplex 
clearing  roller,  double   spiral   screw,  Archimedean   screw,  whole   scraper,  half 
scraper,  and  half  drop-scraper,  borer,  plunger,  and  wheels,  all  of  which  are  shown 
in  fig.  417.     Brushes  either  of  bass  or  whaletane,  similar  to  a  chimney-sweeper's 
brushes,  should  be  used  for  finally  sweeping  out  the  drain. 

It  is  desirable  and  necessary  to  apply  a  test  to  drains  to  ascertain  whet  In -r 
the  joints  remain  water-tight,  and  that  no  sewage  is  escaping.  Some  few  years 
ago  there  was  quite  a  craze  for  testing  drains  by  the  smoke-test  While  this  has 
certain  advantages  inside  a  house,  it  is  absolutely  valueless  for  discovering  tin- 
unsoundness  in  an  external  drain.  The  only  reliable  way  to  test  a  drain  is  by 
VOL.L 
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the  application  of  water- pressure.  This  is  done — where  there  are  no  penstocks 
—by  stopping  up  the  lower  end  of  the  drain  with  a  plug,  so  as  to  make  it 
absolutely  water-tight,  and  at  the  higher  end  a  bend  and  two  lengths  of  pipe 
should  be  placed  temporarily  so  as  to  secure  a  sufficient  head  of  water.  The 
drain  should  then  be  filled  and  allowed  to  stand  for  (say)  two  hours,  during 
which  time  the  behaviour  of  the  water 
in  the  vertical  stand-pipe  should  be 
noticed;  if  there  should  be  any  subsi- 
dence, a  leakage  will  have  taken  place 
at  one  of  the  joints,  which  should  be 
searched  for,  and,  when  discovered,  made 
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Fig  418  -  J»n<*  •  Apparatm  for  Testing  Drains  with  Water. 

good.     In  fig.  418  Jones's  apparatus  is  shown,  in  which  a  plug  is  inserted  at 
the  head  of  the  drain,  instead  of  the  l>end  and  stand-pipe  just  described. 

There  are  several  kinds  of  drain-stoppers;   the  one  shown  in   fig.   419  is 

Jones's  bag  stopper.  This  in- 
vention consists  of  a  cylindrical 
bag,  to  which  is  attached  (>  feet 
of  flexible  tube,  with  a  tap  at 
the  end  connected  to  a  small 
hand-pump.  The  bag  is  placed 
in  the  drain  l>efore  inflation,  and 
by  working  the  pump  it  is 
quickly  filled  with  air  under  sufficient  pressure  to  dam  the  drain  and  prevent 
any  escape  of  water.  By  turning  the  air-tap,  the  inflated  bag  remains  in  that 
state  as  long  as  required,  and  when  done  with,  a  half -turn  of  the  tap  again 
releases  the  air,  and  the  bag  is  withdrawn.  Amongst  its  advantages  may  be 
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named  lightness  and  flexibility,  enabling  it  to  be  folded  and  carried  in  a  small 
compass,  and  it  can  be  placed  in  syphons,  gullies,  and  other  traps. 

Mr.  Jones  is  also  the  patentee  of  another  stopper  called  the  "  Screw  Expand 
ing  Stopper",  which  is  shown  in  fig.  420.  This 
stopper  consists  of  two  plates  or  discs  of  galvanized 
iron,  between  which  a  special  hollow  rubl»er  ring  is 
fixed  by  means  of  grooves.  It  is  screwed  up  by  a 
key,  which  causes  the  rubl>er  to  expand  outward  to 
the  extent  of  from  one  inch  in  the  smaller  sizes  to 
three  inches  in  the  larger  sizes.  This  will  IK;  found 
sufficient  to  plug  any  pipe  according  to  the  size  of 
stopper  used.  This  stopper  can  be  obtained  with  a 
central  outlet  fitted  with  a  patent  connector,  to  which 
a  glass  indicator  is  attached,  so  that  the  fall  of  the 
water  in  the  drain  can  IK*  accurately  gauged,  and  the 
slightest  leakage  detected. 

Fig.  421  shows  a  general  view  and  section  of  the 
"  Grip  "  plug,  patented  by  Mr.  Milton  Syer,  and  fig. 
422  shows  a  section  of  the  "  Addison  "  stopper.  The 
parts  of  the  latter  are  non-corrosive,  the  disc  lieing  of 
galvanized  iron,  the  nipple  of  gun-metal,  and  the  nut  and  cap  of  braa*.  The 
rubier  in  contact  with  the  pipe  is  shown  at  A  A.  The  lip  c  is  made  in  such 
a  form  that  the  pressure  of  water  acting  upon  it  tends  to  make  the  joint  more 
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secure.  The  ruhlwr  cannot  pinch  between  the  two  discs,  l»eing  held  in  position 
by  the  guide  B.  These  stoppers  expand  about  £  inch,  thus  making  them  J»T- 
fectly  tight,  and  allowing  for  variation  of  size  in  different  makes  of  pipes.  The 
expanding  is  easily  done  by  screwing  the  nut,  which  is  provided  with  long  wings 
K.  The  stopper  is  fitted  with  an  inside  tube  i>,  sealed  by  a  screw-cap  F,  whirl), 
when  unscrewed,  allows  the  water  to  escape  after  l>eing  used  for  testing. 
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Price's  patent  Combination  Drain-testing  Block  is  another  good  invention. 
and  consists  of  a  number  of  metal  and  rubber  rings,  so  arranged  that  a  4-iin-h, 
6- inch,  or  9-inch  drain  can  be  tested.  It  is  shown  in  fig.  423.  It  is  made  of 

polished   brass  with  special  rubbers,  and  is  very 
durable  and  compact. 

However  well-arranged  and  well-constructed  a 
system  of  house-drainage  may  be,  it  is  of  the  utmost 
importance  that  there  should  be  periodical  inspec- 
tion and  examination  to  ascertain  that  everything 
is  in  proper  working  order.  All  intercepting  traps 
should  be  examined  to  see  that  they  are  free  from 
deposit,  and  the  pits  of  all  gullies  should  be  regu- 
larly emptied,  and  in  the  case  of  surface-water 
gullies,  should  in  periods  of  dry  weather  be  re- 
*miu  <2S™Uo""  plenished  with  clean  water  at  frequent  intervals. 

There  is  a  general  indifference  on  the  part  of  occu- 
piers of  houses  to  these  things;  drains  being  out  of  sight  are  most  often  out  of 
mind  so  long  as  no  inconvenience  is  felt  from  any  odours  which  may  l>e  given 
off  from  them. 

The  occupier  of  every  house,  on  taking  possession,  should  make  himself 
thoroughly  acquainted  with  the  course  of  all  the  drains,  and  the  position  and 
working  of  all  the  appliances  in  connection  therewith.  It  is  sometimes  very 
dithYult  to  get  any  reliable  knowledge  al>out  the  drainage-system  of  a  house,  as 
the  work  may  have  l>een  done  without  any  plan  at  all,  and  one  is  frequently 
referred  to  some  old  servant  or  foreman  who  happened  to  be  about  at  the  time 
they  were  put  in.  It  is  very  unfortunate  that  reliable  and  accurate  plans  of  all 
systems  of  house-drainage  are  not  filed  and  kept  at  the  office  of  the  District 
Council  for  reference.  It  is  true  that  plans  of  the  drains  of  all  new  property, 
which  may  have  l>een  erected  since  the  By-laws  were  adopted,  are  so  kept,  but 
even  in  these  cases  they  are  not  altogether  to  be  relied  upon,  as  alterations  may 
have  l)een  made  in  carrying  out  the  work.  The  plan  of  the  work  as  completed 
is  what  is  required,  and  not  a  plan  of  what  was  contemplated,  and  in  the  case  of 
Kubeequent  alterations,  all  extensions  and  amendments  of  the  system  should 
always  be  carefully  recorded. 

It  is  not  the  custom  in  this  country  for  the  person  letting  a  house  to  give  any 
warranty  as  to  the  condition  of  the  drains,  Ac.  It  is  the  duty,  therefore,  of  the 
intending  occupier  to  satisfy  himself  as  to  the  sanitary  condition  of  the  house  that 
he  proposes  to  take,  and  failing — as  will  often  be  the  case — access  to  any  reliable 
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plan  or  history  of  the  scheme,  he  must  call  in  an  expert  to  advise  him  in  the 
matter.  Having  taken  the  house,  it  would  be  a  good  thing  if  the  mistress  would 
make  herself  acquainted  with  the  scheme  of  drainage,  so  that  she  could  instruct 
workmen  or  servants  how  to  attend  to  any  little  temporary  derangement,  when- 
ever it  should  occur  during  her  husband's  absence. 
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